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ABSTEtACT 
An anatomical and morphologLcal study of the red nuoleiis of 
the pigeon showed that as in iiie mammal the nucleus i s relatively 
highly vascularised and contains both large and small ce l l s . The 
only relevant previous source indicated the existence of large 
ce l l s only. 
Lesions of the pigeon red nucleus ( r , n , ) effected a variety 
of syurptoms including t o r t i c o l l i s , abnormalities of leg muscle 
tone and movement, hyporeactivity, aphagia and asymmetry of pupil 
dilation although the latter was probably dne to third necrve damage. 
E l e c t r i c a l stimulation of the r . n , produced contralateral c irc l ing 
and indications of ataxia. 
Extensive investigation using e lec tr ica l stimulation and 
evoked potential recording revealed telencephalic inputs to the 
r , n , from the arcdiistriatum medialis, hyperstriatum ventrale, 
parolfactory lobe, olfactory bulb and neostriatum intermedium, 
diencephalic projections from the lateral hypothalamus and nucleus 
rotundus and a cerebellar link with the nucleus l a t e r a l i s . Com-
parison tdth mammalian connections disclosed some similarities and 
i n addition suggested that l inks with aiqygdala and septum may 
exist in the mammal. Evoked potential and single unit reccrdings 
following v i sual , somaesthetic and auditory stimulation demonstrated 
that the avian r . n . and individual cel ls respond i n a very similar 
manner to that of the mammal. An olfactory projection was also 
demonstrated by nerve stimulation. 
Investigation of the effects of r . n , lesions on previously 
established avoidance behaviour disclosed complete disruption of 
learning. Similar effects were shown on a pattern discrimination 
acquired under positive reinforcement, although brightness aid. 
colo\ir discriminations were not affected. 
Possible mechanisms involving the r . n . i n behaviour control 
I I 
are discussed. 
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INTRODUCTION 
The study of the red nucleus of the pigeon described herein 
i s an attei]5)t to c lar i fy some recent observations by other workers 
which ^pear to implicate iiie mammali.an red nucleus or red nucleus 
area i n learning and memory. 
To that date, the nucleus had been regarded as wholly motor 
i n function, forming as i t does, part of the c lass ical ly defined 
extra-pyramidal motor system. In mai;7 ways these findings were a 
precursor of the now growing view that learning and memory systems 
may i n fact be at least part ia l ly represented at midbrain or brain 
stem levels . 
The pigeon was chosen as ihe subject of study for tiiree reasons; 
f i r s t l y , because l i t t l e was known about connections of the avian 
red nucleus, secondly, because the only available information 
sviggested "tiiat the r . n . i s phylogenetically an old structure and 
i s of comparative interest in the bird, i n tiiat the nucleus consists 
only of large ce l l s , wlaereas the mammalian nucle\is consists of large 
and small cel ls ^diidi have different functional properties, perhaps 
leading to confusion i n a lesion study, and thirdly because the 
laboratory i n which the e:5)erimBnts were conducted had a consider-
able history and expertise i n esqperimentation with pigeons. 
The report i s divided into two parts. Chapters 1, 2, 3, 4 
ard 5 forming a physiological study ut i l i s ing a variety of techniques 
and 6, 7 and 8 making vo^ a behavioural examination of the effects 
of lesions of the red nucleus on learning and memory. Specif ical ly, 
Chapter 1, purely comparative, i s a study of the anatomy and 
morphology of the pigeon red nucleus. In Chapters 2 and 5 
detailed observations of gross behaviour are described following 
lesions and during e lec tr ica l stimulation of the nucleus respectively. 
These two diapters describe attempts to gain information which 
O l E K C E 
would be relevant to the behavioural studies in Part 2. Chapters 
4 and 5 contain reports of investigations of afferent linkages and 
sensory inputs to the nucleus, conducted i n an effort to delineate 
connections possibly involved i n learning and memory. Chapter 6 
i s a review of behavioural findings including an analysis of the 
experimental method adopted by other workers vdiich perhaps con-
tributed to their findings. Chapters 7 and 8 describe experiments 
suggested by the analysis aforementioned, both involving lesions 
of the r . n . Chapter 9, the overall conclusion, attempts to integrate 
the findings and cou^are the results with mammalian studies. 
Further introductory material has been included prefacing each 
chapter. 
The studies reported have been placed not i n historical order 
of completion but have been arranged to fac i l i ta te exposition. 
Apology i s made for the inevitable small inconsistencies that such 
rearrangement has produced. 
CHAPTER (MB 
MORFHOLOG-Y MD ANATOMT OF THE RED NUCLEDS 
Introduction 
The casml observer examining a series of transverse sections 
through the midbrain of any vertebrate species w i l l find that one 
of the most noticeable landmarks he can observe i s a group of 
ce l l s scattered aroimd the midline at about the level of the 
emergent third nerve. The ce l l s are oonspicuovis by their magni-
tiide and are so dissimilar to the ce l l s of the svirrounding tissue 
as to be regarded as constituting a nucleus (see Fig,-f.^), The 
anatomy and morphology of the red nucleus of many animals, 
including man, has been studied since the end of the la s t century, 
Massion (1967) has extensively reviewed the l i terature and for that 
reason only the salient points are outlined here. 
The name red nucleus (nucleus ruber) derives from the fact 
that i n fresh, lonperfused tissue sections the nucleus discloses a 
pinkish red coloior ^ i c h distinguishes i t from the surrounding 
mesencephalon. The colour i s attributed to the high vascularity 
of the nuolexxs at^ Hough & Wolff (1959) fovind, i n the cat, that the 
r . n , was vmique i n that it^'s vascularity was extraordinarily high 
i n relation to the nunber of c e l l bodies, 
Phylogenetic differences i n terms of cel lular con^osition of 
the nuclexis are great. In general, the nucleus consists of large 
and small c e l l s , the relative numbers of which differ i n different 
mammalian species (see Massion 1967). Cajal (1909-1911) 
differentiated large, medium and small neurons i n the r , n . 
According to Cajal*s c lass i f icat ion large neurons vaiy from 50 -
90 p.f medium cel ls 50 - 40 p and small ce l l s about 20 In 
mammals the large ce l l s tend to predominate in the caudal and small 
i 
P i g . I . t Photomicrograph o f a t r a n s v e r s e s e c t i o n of the b r a i n 
of the ^.pigeon showing the red i m c l e i each s ide o f 
the m i d l i n e j u s t below the c e n t r e of the F i g . ,10te 
the l a r g e c e l l s o f the n u c l e i r e l a t i v e to s u r r o -
unding a r e a s . 
ce l l s in the ros tra l part of the nucleus, ALthou^ there are 
exceptions i t seems that the relative proportions of large and small 
ce l l s change in favour of the small as one ascends the evolutionary 
scale - viz Ariens-^ppers et a l (1960):-
Thus the parvocellular portion has become a conspicuous 
portion i n the higher mammals. I t s development is associated 
with a gradual increase in ihe range of fiinctional activity of the 
red nucleus associated with the progressively greater development 
of forebrain regions i n higher forms". 
The position i n sub-mammalian species has received l i t t l e 
investigation, although Arien-Kappers suggests that the r . n . of 
the bird and repti le contains large cel ls only v i z : -
", . , . the avian red nucleus i s the homologue of that of reptiles 
and i s comparable i n a general way with the nagnocellular portion 
of the mammalian red nucleus." 
Some authors, notably Hatsohek (l907), Von^onakow (1909), 
IHise (1957) and Otabe and Horowitz (1970), have further sub-
divided the mammalian r . n . into cel lular groupings, althou^ there 
i s some doubt whether these grovtpings hold true in a l l species 
e.g. Brodal and G-ogstad (1954) could find no evidence fbr groupings 
i n the cat and furthermore doubt whether the nuclexis could be 
divided into magnooellular and parvocellular areas. 
The large ce l l s of the r . n . lend themselves readily to a count 
and this has been done for man (Olszewski and Baxter 1954), cat 
(Grof ova and Marsala 196I ) and domestic pig (Otabe and Horowitz 
1970) with numbers of 100, 450 and 200 respectively. Clearly 
there i s a marked regression of large cel ls i n man. In view of 
the lack of data regarding the bird, i t was considered necessary, 
i n order to lend credence to the view that the avian r . n . was 
homologous to that of the mammal, to look closely a t : -
( 1 ) Vascularity 
(2) The nuidber and size of ce l l s 
and (3) The stinicture of the nucleus 
Materials and Method 
(1) Ce l l Count and Measurement 
Five mature pigeons of mixed strain were used i n the study. 
Each bird was sacrif iced by an overdose of Nembutal and perfused 
tlirough the carotid arteries with 3% saline followed by 10^ 
formalin. The brain was then fixed i n 10^ fornalin for several 
weeks and s e r i a l paraffin sections were taken at 15 Jti. Every 
f i f t h section through the r , n , area was taken and stained with 
cresyl violet . 
The ce l l coxint was accon5)lished by means of an ocular 
ret icule and the size of c e l l and ce l l nucleus measured by means of 
a micrometer f i t t ed to the microscope platform. The cells were 
c lass i f i ed as large, medium or small in accordance with the 
c lass i f icat ion of Ramon y C a j a l : - large cel ls - more than 50 p in 
diameter, medium - 26 - 49 ^ and small - less than 26 ^ . 
Coiintinf; Procedure 
Large, medim and small cel ls which exhibited a nucleus were 
counted. The number of cel ls i n each category was estimated 
using the method adopted by Otabe and Horowitz (1970). Tissue 
shrinkage due to the histological procedure was estimated at 259^  
although the i n i t i a l count of ce l l s did not take this into account. 
Each section of 15 p represented a piece of tissue 75 p thick. 
The nuclei of the large ce l l s measured 22 jii * 2 , therefore each 
15 p section contained a l l , or a substantial part of the nuclei i n 
51 ju thickness of tissue (see Pigi}»2). The number of large c e l l 
nuclei counted i n the section was multiplied by 1,5 (Z^B •5) "to 
(5i;u ) 
estimate the aumber i n 75 / i thickness of the r . n . 
LARGE MEDIUM, SMALL 
Measurements m 
Micronsff^J 
Pig',t*2 Schematic i l lus trat ibn of the three types of neurons and 
their nuclei,, and the measurements used for estimating 
c e l l popvilatioh. ' 
The nuclei of medium cel ls measured ^6 ji * 2 , Each section 
covered a l l medium c e l l nuclei i n a tissue thickness of 59 and 
the nunfcer of ce l l s counted i n one section was multiplied by 2 
( 5 9 J I ^ 
The nuclei of small ce l l s had a diameter of 11 )ti ^ 2 . Each 
section covered a l l small c e l l nuclei i n approximately 29 p 
thickness of tissue and the number of small cel ls counted was 
mtiltiplied by 2,6 (75 ^ ? fi) *° estimate the population in 75 / i 
( 2 9 F • ) 
thickness of t i ssue, 
(2) Yascularitjy 
A single bird was used. Following sacrif ice the unperfused 
brain was fixed for several days i n 10jS formalin and 200 y. s l ices 
of tissue taken through the r , n , after blocking in paraffin wax. 
The stain used was the" Benzidine method for IfeemogLobin*'(McManus 
and Mosuray I960) , 
OBSERVATICMS 
( 1 ) Vascularity 
Fig,t-5 clearly shows tliat the r . n , area of the pigeon, as the 
mammal, has a high vascularity. The Pjjgr, shows the complex 
network of very f ine capil laries serving the nucleus. 
(2) Ce l l Count and Measurement 
I t was fo\ind that l i t t l e difference in c e l l count occijrred from 
one bird to another and for that reason Table 1-1 shows the data for 
one bird only. 
Table 1-1 
Estimated Ce l l Count 
C e l l Count Correction Est.Population 
Large 105 x 1.5 155 
Medium 566 x 2.0 752 
Small 564 ' X 2.6 946 
8 
1- ''^/-v--Jf\T .--7>-<..'-'- V >' 
F i g . |»3» Microphotograph of the r . n . area to show the 
v a s c u l a r i t y of the r . n . The r e l a t i v e l y g r e a t e r 
supply o f f i n e c a p i l l a r i e s contained w i t h i n 
the nuc leus i s apparent i n the cen tre o f "Wie 
photograph. M a g n i f i c a t i o n - x 25 . 
9 
Correction for shriEkage:- x 2 ^ 
Large 155 + 25^2x 752 558 
Medium 752 - 185 + 25?S x 946 786 
Small 946 - 257 709 
I t w i l l be recalled that tissue shrinkage was estimated to be 25%. 
I t follows that to f i t Cajal* s c lass i f icat ion the totals require 
adjustment for th i s . The adjusted totals are shown above:- i . e . -
25% of counted medium cel ls have been assumed to be large and 2d% 
of small assumed to be medium. (Cel l sizes were distributed 
f a i r l y evenly within each category). 
(5) General Structure of the Nucleus 
The nucleus was found to be oval in shape with the longest 
axis situated i n a rostral-caudal plane roughly paral le l to the 
midline and about 0.5 mm l a t e r a l . The rostro-caudal extent 
measvired 2,8 mm and the maximum transverse diameter 2,5 mm. The 
nucleus extends rostral ly from the level of the maramillary bodies 
down to the leve l of the decussation of the brachium conjunctivum. 
Large, medium and small ce l l s appeared to be equally distributed 
throughout each level of the nucleus. No noticeable sub grouping 
of c e l l s , such as to constitute the sub grovtpings delineated in 
some mammals, was observed. 
One methodological point should be made at this juncture. I t 
occurred to the author that a section through the c e l l , exhibiting 
a nucleus, may not i n fact give true c e l l body and nucleiis 
diameters e.g.:-
AS 
Section A, the true diameter 
of c e l l aM nucleus, would 
give different figures from 
section B and yet represent 
the same or similar c e l l s . 
10 
An indication of c e l l group differences would be given by the ratio 
of c e l l to nucleus. One would expect, where the section is of 
type B, to obtain a higher ratio than in type A. F i g . l ^ graphs the 
relationship between c e l l aM nucleus diameters for a random sample 
of ce l l s fa l l ing within each category. I t i s possible that the 
tentative functions drawn may represent 3 populations of ce l l s , 
Table1-2 gives c e l l diameters, nucleus diameters and cell/n^ucleus 
ratios (corrected for shrinkage) for the sample of cells used in 
Pig,t«4, I t can be seen that there do appear to be three c e l l size 
categories of which the rough divisions are shown under hypothesis 
(l ) • The mean cell/nucleus ratio for the assumed magnocellular = 
2,29, and for the parvocellular 1 ,64. Within the assumed medium 
range there are several obvious extreme values (ringed) which may 
well represent the type B section hypothesis outlined above. The 
point w i l l not be laboured, for i t i s possible to angue i n many 
different ways e .g . : - that one could divide a l l the cells ( in 
rat io terms) into only large and small - see Table1'2 - hypothesis 2 . 
What does emerge however from the ratio method i s that there 
i s clearly a distinct c e l l type with a lower ratio value than the 
large c e l l which must sTirely be indicative of a true small c a l l 
population contrary to the assertion of Ariens-Kappers. 
11 
CELL DIAM. 
6 0^ 
55-
45-
40-
35-
30-
25-
20-
/ 
/ 
9 
/5 
]0Y I2 14 16 
NUCLEUS DIAM. 
17 IT IF 75 20 24 26 
Pig/«i+ The r e l a t i o n s h i p between c e l l and n u c l e u s d i a r . e t e r s . 
The f u n c t i o n s may r e p r e s e n t t h r e e d i f f e r e n t t y p e s o f 
c e l l . 
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Biametera of c e l l bcwiies, nuclei and r a t i o s 
measurements, 
of c e l l to necleus 
C e l l Diameters 
66,6 u 
60.0 
58.6 
57.3 
57.5 
56.0 
5k.6 
55.3 
53.3 
53.3 
48.0 
46.6 
41.3 
40.0 
Nucleus Diameters 
28.0 u 
26.6 
26.6 
25 .3 
25 .3 
24.0 
24.0 
24.0 
22 .6 
22 .6 
17.3 
17.3 
17.3 
17.3 
Ratio Cel3/Nucleus 
2.4^ 
2.3 
2.2 
2.3 
2 
2.3 
2.3 
2.2 
2.4 
2.4 
hyp. 
1 
m 
(0> 
2.4 
2.3 m 
O m 
38.6 
37.3 
37.3 
33.3 
30.6 
28.0 
26.6 
25.3 
25.3 
25.3 
22.6 
22.6 
18 .6 
17.3 
17.5 
17.3 
16.0 
16.0 
17.3 
16.0 
13.2 
16.0 
13.2 
14.6 
2.1 
2.0 
2.1 
2.0 
1.9 
1.75 
1.6 
1.6 
1.9 
1.6 
1.7 
1.6 ^ 
I 
CO 
I r r 
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CHAPTER 2 
Lesions of the Red Nuolexia - Observations of Sross 
Behavioiiral E f f e c t s 
Ear3y atteiss^ts to determine the fxmotions of the mammalian 
red nucleus consisted l a r g e l y of removal of large areas of tissue 
d\iring studies of decerebrate r i g i d i t y . Rademaker (1923)25^26 
summarized by Massion 196?) perhaps conducted the most extensive 
investigation by these means and concluded that the r.n. i s the 
centre responsible for i n h i b i t i o n of ertensor muscles, destruction 
of which produced the c h a r a c t e r i s t i c decerebrate r i g i d i t y . Such 
crude methods, involving staged sections, are however unsatisfactory, 
involving as thoy do, removal of large amounts of tissue other than 
j u s t the r.n. Localised lesions of the r.n. were f i r s t carried 
out successfully by Mussen (1967), i n the c a t , \jh.o found that 
le s i o n s of the posterior poles i . e . the large celled area, produced 
only a s l i g h t unstecidiness of gait which lasted two days. On the 
other hand, u n i l a t e r a l lesions of the r o s t r a l areas (small celled 
area) produced curvature of neck, body and t a i l towards the contral-
a t e r a l side, a l o s s of contralateral righting reflexes, loss of 
sense of position and general hypotonus. The animal made a cowf 
p l e t e recovery within three weeks. Later work by Ingram et a l . 
(195^) using smaller l e s i o n s , again i n the cat, e s s e n t i a l l y con-
firmed these findings but demonstrated that righting reflexes were 
not disturbed. McNew (1968) l i s t e d a number of effects of r.n, 
lesions i n the r a t incl;iding aphagia and adj"psia, impaired postural 
adjustment, absence of ptipillo-constrictor response, canting of the 
head l a t e r a l l y , locomotor c i r c l i n g , a^dcwardness of gait, absence 
of v i b r i s s a e movement, paucity of exploratory behaviour and 
resistance to handling. Again, the s3m5)toms were transitory. 
14 
disappearing within 1it^21 days. Papaioannou (1971 ) , on the other 
hand, fouraL that small, u n i l a t e r a l , radio frequency lesions i n the 
r a t , produced l i t t l e effect on the animals' turning tendencies, 
f a c i l i t y i n using limbs, righting reflexes, or walking. The only 
observed effect was one of hyperkinesis which however, on the basis 
of control lesions to the brachiimi conj;mctivum, the author believes 
was due to destruction of cerebellar f i b r e s ending i n the r.n. 
Other workers ( c i t e d i n Massion I967) demonstrated that l e s i o n 
e f f e c t s produce a s l i g h t ten^orary hypertonisjj^, coupled with 
tmsteadiness of gait and a loss i n the t a c t i l e placing reaction. 
Such syni>tom3 were short l a s t i n g . Massion argues that any 
hypoton£s^;3'is due to destruction of cerebellar f i b r e s which course 
through the brachixjm conjunctivum, which decussates s l i g h t l y caudal 
to the r.n. I n the Rhesus monkey. Carpenter (1956) found that 
b i l a t e r a l lesions produced l i t t l e effect on muscle tone. The 
most striJcing effects found were hypokinesis, which he claims was 
long l a s t i n g and t o r t i c o l l i s , i n which the head i s t i l t e d and 
rotated to one side, r e s u l t i n g ti^m. asymmetric or u n i l a t e r a l l y 
placed lesions of the r.n. - the t i l t and rotation being to the 
contiralateral side of liie l e s i o n . Symmetrically placed lesions 
did not produce t h i s e f f e c t . Carpenter's finding of t o r t i c o l l i s , 
i s i n agreement with Mussen's r e s u l t s i n the cat. 
If-, as stimulation studies show, the r.n. exerts a f a c i l a t a t o r y 
e f f e c t on c o n t r a l a t e r a l flexors and an i n h i b i t i o n of contralateral 
extensors, one would expect to f i n d that lesions of the r.n. would 
produce a l ^ e r t o n u s i n extensor muscles and a degree of r i g i d i t y . 
However, the mammalian l e s i o n studies do not produce these symptom. 
Some experiments show a hypertonus and others hypotonus. A l l anthers 
report that the effects are t r a n s i t o r y , the animal recovering f u l l y 
i n a period of days. I t w i l l be r e c a l l e d that staged sections of 
15 
the brain (Rademaker 1923 et seq.) show that removal of ihe r.n, 
produces decerebrate r i g i d i t y . These facts appear to argue 
c l e a r l y that i n tlie mammal the c l a s s i c a l pyramidal motor system 
coii5)ensates for i n s t i l t to the r.n, and rubro-spinal t r a c t and this 
was indeed the opinion of Evans and Ingram (1939), I n staged 
sections the motor areas and pyramidal t r a c t v/ould of course be 
destroyed before the r.n, area. 
Lesions of the avian r.n. have not been investigated but a r i s e 
occasionally as incidentals to lesions of other areas, Durkovic 
and Cohen (1969) i n lesions of r o s t r a l midbrain areas, obtained a 
temporary t o r t i c o l l i s or hypotonias) of neck musculature and a 
transient l o s s of tone i n leg extensor muscles. Such lesions 
involved r.n. areas and the s i m i l a r i t y to mammalian le s i o n r e s u l t s 
leads one to suspect a s i m i l a r i t y of function. 
The experiment outlined i n th i s chapter was covrpleted. before 
the Durkovic and Cohen publication. The intention was to lesio n 
the r.n, b i l a t e r a l l y and to care f u l l y observe gross changes ^rtiich 
might follow. 
THE T.V^ SION EiiTERBlEHT 
Subjects 
The subjects were three apparently normal pigeons of mixed 
s t r a i n . 
Surgery 
The animals were anaesthetised by pectoral muscle in j e c t i o n of 
Equithesin according to bodyweight and placed i n a Kqpf stereotaxic 
instrument. The s k u l l was exposed over a midline area approximately 
where the lesioning electrode was to be driven and scraped free of 
periostexim. The desired point of entry of the electrode was 
^ - r " —^09^7; 
determined from the Q i ^ o s a n ^ Karten'^ stereotaxic atl a s and the s k u l l 
was trephined. The lesioning electa^ode was driven down to 0,5 mm 
above the r.n. position and connected to recording leads. The 
16 
electrode was then advanced u n t i l u n i t spikes were apparent on the 
oscilloscope, the recording leads were disconnected and a lesion 
produced by R.P. electrocoagulation. I f single u n i t spikes were 
not apparent diiring attenqpted location of the r.n, the electrode 
was withdrawn, res i t e d i n a more anterior or posterior position and 
the procedure repeated. (A description of the rationale Tinderlying 
the method of electrode positioning i s given i n Ch. 4 ) . Folloidng 
electrode withdrawal the s k u l l ^enft5ixj>was f i l l e d with an absorbent 
gelatine plug, and the skin sutured. 
Electrodes 
Lesioning electrodes were made from steiinless steel insect 
pins by dipping them mechanically i n Shenvar 31 lacquer. Three or 
four coats of varnish were given, heat drying between each coat and 
the t i p scraped bare of in s u l a t i o n f o r 1 mm wit h a scalpel blade. 
Each electrode was tested f o r leakage by bubbling i n a 10?S saline 
solution Delius (1966). 
Apparatus and Procedure 
Each b i r d was housed i n a cage 2' x 2* x 2'. The three cages 
were removed from the general animal house and kept i n the experi-
menter's study. From the day following durgery w r i t t e n records 
were made of general behaviour and tests of f l i ^ t and placing 
reflexes. Daily photographic records were made of the birds i m t i l 
recovery ffom lesion effects was considered complete. 
Histolofflca.1 Procedure 
Some time following coii5)letion of the experiment, the birds 
were sacr i f i c e d by an overdose of Nembutal, the brains perfused 
through the carotid arteries successsively with saline and ^ C f f o 
formalin. The brains of two birds were embedded i n p a r a f f i n wax 
and s e r i a l l y sectioned at 15 p. Alternate sections through the 
lesioned area were stained with cresyl v i o l e t and haematoxylin 
^ See appendix 4 
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respectively. The brain of the t h i r d b i r d was sectioned on a 
freezing microtome and stained with cresyl v i o l e t , 
RESULTS 
Histology 
Each of the three birds stiffered damage to one or both r.n. 
Bird 5.12 - suffered an estimated 759^  destruction of l e f t r.n. 
and suffered an estimated 25?^ destruction of r i g h t 
r.n. 
Bird 7 - b i l a t e r a l 100^ destrviction. 
Bird 2 - 100^ destruction of r i g h t r,n,, minimal 
damage l e f t , 
(The estimate fo r the l e f t r,n, was d i f f i c u l t due 
to an in f e c t i o n which eventually had destroyed a 
large area of midbrain t i s s u e ) . 
Other Areas Destroyed by the Lesions 
Bird 5,.i2- - the lesions ware small and involved no damage to the 
major pathways. The l e f t lesion extended •2^'::'\-^':'c^-'. -l-''; to the 
l e v e l of the brachium conjunotivum with some s l i g h t involvement of 
the vestibular mesencephalic t r a c t on the l e f t . The r i g h t side 
lesion was small and l i m i t e d t o the r.n. with a s l i g h t involvement 
of medial r e t i c u l a r substance, 
Bik'd 7 - lesions were extensive. The r i g h t lesion extended t o 
0.5 inm anterior t o the r o s t r a l pole of the r,n. That of the l e f t 
extended t o 0.25 mm anterior t o the r o s t r a l pole, with some damage 
to the stratum cellulare externum just l a t e r a l to the midline. 
Conrplete destruction of both r.n, was accon5)anied by b i l a t e r a l 
destruction of the t h i r d nerve and medial r e t i c u l a r substance. 
Damage to the l e f t mesencephalic vestibular t r a c t was suffered. 
B i r d 2 - the r i g h t lesion produced t o t a l destruction of the t h i r d 
nerve w i t h involvement of medial r e t i c u l a r substance dorsal' to the 
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r.n., as well as the i n t e r s t i t i a l nucleus of Cajal s l i g h t l y ventral 
t o the r.n. j there was some damage to ihe r i g h t mesencephalic 
vestibular t r a c t . 
The l e f t lesion extent was d i f f i c u l t to determine because of 
an i n f e c t i o n sustained at the s i t e of the electrode which appeared 
to develop some time a f t e r the completion of the study. Assuming 
the lesion to have been the same size as that on the r i g h t , the 
lesion would have probably included destruction of the tractus 
occipito-mesencephalicus and ansa l e n t i c u l a r i s (tractus s t r i o -
tegmentalis et s t r i o cerebellaris) c stratum cellulare 
externum, medial r e t i c u l a r substance and part involvement of the 
mesencephalic vestibtilar t r a c t . 
OBSERVATICgTS 
'Tdrt i o o l l i s 
Birds 5.12 and 2 demonstrated the most dramatic symptom of 
t o r t i c o l l i s , i n which the head and neck were rotated through an 
angle of almost 180° to l e f t and r i g h t respectively (see Figs,2.1 A 
and2'2A) Bird 7 (Fig,23A) did not manifest t h i s extreme r o t a t i o n but 
there was a s l i g h t t i l t to the l e f t . Recovery of correct heeid and 
neck po s i t i o n took place gradually over 5 - 7 days - see Figs.2-1 
and 2,2. Bird 7 however showed l i t t l e recovery of v e r t i c a l position 
and continued to t i l t i t s head to the l e f t some 14 days aft e r 
surgery. Birds 5.12 and 2, from the day following surgery could 
get t h e i r heads i n t o a r e l a t i v e l y normal positi o n i n a slow and 
jerky series of movements but relapsed to the rotated position as 
soon as movement ceased. 
Movemait and Leg Muscle Tonte 
Birds 2 and 7 i n i t i a l l y manifested abnormalities i n leg muscle 
tone (see Pigs.2-2 and23) Bird 7 tended to take a resting position 
w i t h legs bent, apparently suffering ffom loss of extensor tone. 
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P i g i 4 . B i r d 5 . 1 2 , e f f e c t s o f b i l a t e r a l r . n . l e s i o n s . 
C o u r s e o f r e c o v e r y on s i x c o n s e c u t i v e d a y s . Note 
t o r t i c o l l i s i n A, B, and C and r e c o v e r y i n D, E and 
P. No a b n o r m a l i t y o f muscle tone. 
20 
Pig.Z'2 Bird 2, t f f e c t s of b i l a t e r a l r.n. XMIODB. 
Course of recovwy on f i v e consecutlw day*. »«t« tort-
i c o l l l s and the eff e c t s on l e g misculatMre. 
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MS 
I 
Pigl'3 B i r d 7 , e f f e c t s o f b i l a t e r a l r . n , l e s i o n s . Course 
o f r e c o v e r y on s i x c o n s e c u t i v e days. Note s l i g h t 
t o r t i c o l l i s . 
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although t h i s was p a r t i a l l y corrected vrtien i t moved. Bird 2 
appeared to suffer from hypertonus of extensors i n the r i g h t leg 
and hypotonus/hypertonus of l e f t extensors/flexors (see Figs.2.2A and 
2'2E.) Bird 5.12 showed no abnormality i n leg musculature. Birds 
5.12 and 2 tended to walk i n circles i n the dire c t i o n that t h e i r 
heads and neck were rotated, whereas Bird 7 , when i t moved, which 
was rare, was able to move i n a forward d i r e c t i o n . 
A l l birds demonstrated a weakened claw grasp r e l a t i v e to normals 
when placed on the experimenter's finger. I n each case the weakened 
grasp was asymmetric; Birds 5.12 and 2 being i n i t i a l l y poor at grasp-
in g with the r i g h t claw and Bird 7 with i t s l e f t . None of the 
birds weje^able to perch. Again, each animal improved i n a b i l i t y 
to stand, move and perch over 5 - 7 days. 
Reactivity 
A l l birds were hyporeactive to external s t i m u l i and could be 
f r e e l y handled without display of escape tendencies. Light flashes, 
sudden noises and touching of feathers f a i l e d to e l i c i t much res-
ponse. Birds 5.12 and 2 gradually became more responsive and were 
essentially normal at the end of 5 - 7 days. Bird 7 showed l i t t l e 
improvement i n r e a c t i v i t y w i t h i n the 21 days up to s a c r i f i c e . 
F l i g h t Reflexes 
P l i g h t reflexes were tested by t i l t i n g the animal forward, 
backward and sideways and observing r e f l e x movement of wings and 
t a i l . No d e f i c i t s were observable, 
PeedihiK and Drinking 
Each b i r d showed no int e r e s t i n feeding and was force fed. 
Birds 5.12 and 2 began to show interest i n feeding on day 4 but 
foxind d i f f i c u l t y due to t h e i r abnormal head position. They were 
able to mandibulate af t e r 5 - 7 days. Bird 7 remained aphagic 
throughout the observation period. Each animal was able to drink 
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when i t s b i l l was held i n the water by the experimenter. Bird 2 
was hyperdypsic and drank greedily u n t i l i t vomited. Again Birds 
5.12 and 2 exhibited improvement i n s e l f drinking during the f i r s t 
7 days, whereas Bird 7 was unable to drink unaided throughout the 
period that i t was observed. 
^ e Movements and Pupillary Response 
^ e movements were tested by holding the birds head i n a 
stationary position and moving a hand p a r a l l e l to i t s head. 
Birds 7 and 5,12 appeared to have normal eye movements but Bird 2 , 
w h i l s t able to move i t s eyes, seemed to have d i f f i c u l l y i n track-
i n g movements. Each b i r d manifested asymmetric, abnormal pup i l 
d i l a t i o n and absence of p u p i l l a r y r e f l e x . Bird 7 was deficient 
i n i t s l e f t p u p i l . Bird 2 i n the r i g h t and Bird 5,12 i n i t s l e f t . 
Each b i r d recovered p u p i l l a r y r e f l e x to l i g h t during the observ-
ation period but asymmetric d i l a t i o n persisted. 
DISCUSSION 
The degree of s i m i l a r i t y between the findings of t h i s experi-
ment and those derived from mammalian work i s near enotigh to provide 
f u r t h e r argument i n favour of an analogous function of the avian r.n. 
Asymmetry i n lesion placement i n Birds 5,12 and 2 r e s u l t i n g i n 
t o r t i c o l l i s , has also been observed i n mammalian studies. 
Carpenter (1956) asserts that asymmetric lesions of the r.n. i n the 
Rhesus monkey produces head t i l t and r o t a t i o n to the side contra-
l a t e r a l to the side of maxiiaal r.n. destiruction and the present 
findings confirm t h i s i n the pigeon (see Figs.2'1A and2'2A). To 
obviate possible misunderstanding, reference to Bird 5.12 (Pig.2'1A) 
wliich suffered greater destruction of the l e f t r.n., although 
having i t s head and necfc positioned to the l e f t of i t s body, the 
r o t a t i o n i s actually to the r i g h t . The l e f t side positioning i s 
sin5)ly a r e s u l t of maximal r o t a t i o n to the r i g h t . 
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I n terms of muscle tone, i t would seem that the t o r t i c o l l i s 
resxilts from an excess of extensor tone on the r i g h t and/or. an 
excess of f l e x o r tone on the l e f t . This would be i n agreement with 
mammalian findings that the r.n. exerts a f a c i l i t a t i o n of contra-
l a t e r a l flexors and an i n h i b i t i o n of contralateral extensors. 
Hence, lesions of the l e f t r.n. sho\ild produce a muso\ilar imbalance 
i n which r i g h t side e:d;ensor tone i s greater than l e f t and l e f t side 
f l e x o r tone i s greater than r i g h t . Bird 2 , which ssuffered a 
greater lesion i n the r i g h t r.n., did of course produce converse 
s3ni5)toms (Pig ,2'2A). I t i s interesting to note that Bird 7 , \sMch 
suffered symmetrical destruction, did not have the extreme head/ 
neck r o t a t i o n (Pig.2*3A). 
I t could be argued that the t o r t i c o l l i s phenomenon i s due to 
lesions of the mesencephalic vestibular t r a c t but whilst t h i s 
p o s s i b i l i t y can not be ruled out. Bird 7 sustained a u n i l a t e r a l 
destruction of the l e f t mesencephalic vestibulsir t r a c t and on th i s 
hypothesis one would expect similar symptoms to Birds 5.12 and 2 , 
Nevertheless, Bird 7 did manifest a s l i g h t head t i l t to the r i g h t -
see Fi^fHirKB23B and23D. Clearly further experiments, i n which the 
vestibular t r a c t i s lesioned would be necessary to c l a r i f y t h i s point. 
The effects on leg musciilature were not wholly d e f i n i t i v e . 
B i r d 7 i n i t i a l l y sviffered from what was an apparent loss of tone 
i n both legs. Bird 2 appeared to have an excess of extensor tone 
i n the r i g h t leg and an absence of tone i n the l e f t - see Figs, 
w h i l s t Birds 5.12 showed no apparent d e f i c i t . The symptoms pro-
duced by Bird 2 do not f i t the findings of mammalian workers i n as 
much as a lesion of the r i g h t r.n. would be expected to produce a 
tendency to extensor r i g i d i t y i n the l e f t leg. By the same token 
Bird 7 would be expected t o demonstrate an increase of extensor 
tonus, r e l a t i v e t o f l e x o r , i n both legs. Furthermore, the absence 
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of any effect on wing muscles poses problems. Clearly the re s u l t s 
are confusing and perhaps allow only a conclusion of an effect on 
leg muscle tone. Lack of such effect i n Bird 5,12 may be due to 
the f a c t that only p a r t i a l r,n, destruction was achieved. 
The uniii5)aired f l i g h t reflexes are not sinrprising for these 
would be under cerebellar control. 
The effects on pupi l d i l a t i o n and eye movements resulting from 
destmiction of the oculomotor nerve were predictable. Hyporeact-
i v i t y to external s t i m u l i was the most noticeable behavioural effect 
of the lesions and has some relevance to l a t e r chapters of this 
t h e s i s . 
Later l e s i o n s , produced i n the course of a behavioural study -
see Ch. 7 and 8 - effected similar r e s u l t s to those described, 
although, becavise the lesions were smaller, the effects were even 
more tra n s i t o r y than described above. 
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CHAPTER 3 
E l e c t r i c a l Stimulation of the Red 
Nucleus and Some Other Sites 
E l e c t r i c a l stimulation of the mammalian r.n, has been carried 
out many times with largely similar r e s u l t s , G-iven that the major 
output of the nucleus i s v i a the rubrospinal t r a c t , i t i s hardly 
surprising that the studies have tended to concentrate on motor 
effects of stimulation. I t has been f a i r l y conclusively estab-
lished that stimulation of the mammalian r.n. produces a f a c i l i t -
a t i o n of contralateral f l e x o r muscles and an i n h i b i t i o n of contra-
l a t e r a l extensors (Massion 1967). The only reported case of 
stimulation i n the free moving animal i s that of Delgado (1965), 
who obtained, i n the Rhesus monkey, a sequence of contralateral 
head turning, contralateral c i r c l i n g , walking and climbing. 
Massion (1967) suggests t h a t such complicated behaviour i s a result 
of stimnlation of other more complex neuron c i r c u i t s . However, 
whilst the animals were natural l y asleep, Delgado demonstrated only 
the head turning as a response to stimulation. Because only simple 
motor patterns of f l e x i o n were obtained by other workers, when i n 
a l l cases the animal was either restrained or anaesthetised, does 
not necessarily mean that Delgado's r e s u l t s , i n a free moving animal 
are due to secondary stimulation of other systems. 
Electidcal stimulation of the avian brain has been carried out 
by several authors, prominently, P h i l l i p s (l96'i-), Akerman (196'^ >) 
and Maiey (1969). None of these s p e c i f i c a l l y refer t o the r.n. i n 
t h e i r published work, iikerman's studies were r e s t r i c t e d forforebrain 
regions, P h i l l i p s and Maley were solely concerned with agonistic 
patterns of behaviour. Only Putkonen^ gives a con5)rehensive 
coverage to responses from telencephalon, diencephalon and 
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mesencephalon but does not include r.n. stimulation. 
The experiment to be described was conducted on r e l a t i v e l y 
free moving birds with i.nylanted electrodes. This was considered 
desirable to stimulation of anaesthetised or restrained animals i n 
order to be of more relevance to the behavioural studies outlined 
i n l a t e r chapters. 
I n addition to the implantation of electrodes i n the r.n., 
placement was also made i n forebrain and cerebellar nuclei areas 
which have been linked to the nucleus \inder investigation. 
THE STIMULATION EXPERIMEWT 
Subjects 
Six adult pigeons of mixed st r a i n weighing between 250 - 300 gms 
were used as experimental animals. 
Surgery 
The birds were anaesthetised by administration of Equithesin 
according to body weight and placed i n a Kopf stereotaxic instrument. 
The s k u l l was exposed through a midline i n c i s i o n , scraped free of 
periosteum and dried. The desired location of the point of 
ins e r t i o n of the electrodes was determined by means of the Hodos 
and Karten stereotaxic atlas and the s k u l l was trephined with a 
dental bvirr. The dura was pierced, the electrode driven t o the 
reqiiired depth and fi x e d i n place by a small blob of ac r y l i c cement. 
Six electrodes were i.mplanted i n eacin b i r d , two i n the r.n. 
b i l a t e r a l l y , two i n cerebellar nuclei and two i n various forebrain 
areas. I n d i v i d i i a l leads were soldered t o the terminals of the 
female miniat\ire socket, Trtiich was permanently mounted on the s k u l l 
by means of stainless s t e e l anchoring screws and acryli c cement. 
The i n d i f f e r e n t electrode was a loop of \aninsulated stainless steel 
wire tucked under the skin sutured around the sodcet. 
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ELeotrode Manufaotvire 
Electrodes were manufactured i n accordance with Delius (1966) 
and essentially consisted of a length of straightened stainless 
s t e e l TO-re (56 swg) insulated by six coats of Schenvar 3"' varnish, 
the t i p of which was ground to a paraboloid shape by a f i n e emery 
disc driven by a high speed e l e c t r i c motor. Fine soft tinned 
copper wire was soldered t o the electrode a t the point ^ e r e i t 
would be l e v e l with the skrull surface t o l i n k the electrode to the 
female socket. 
Stimulation Technique 
A constant voltage stimulator was used to deliver a negative 
square wave pulse of 50 pulses/sec,, with a pulse duration of 
* 
2 m, sec. The current was determined by measuring the potential 
drop across a 1000X1 resistance. Fine wire leads conveyed the 
current t o the electrodes. The wires were suspended from a 
counterbalanced arm which allowed the animal r e l a t i v e l y free move-
ment aroimd the experimental cage (see Fig,5-1 ) . 
The cage measured 2^* x 2^* x 2 ^» , The birds were observed 
by means of a closed c i r c u i t t e l e v i s i o n arrangement i n order to 
obviate contamination of any stimulated behavioural sequence by 
emotional responses to the experimenters presence, A wide angle 
lens f i t t e d t o the camera allowed conjjlete coverage of the experi-
mental cage. Stimulus t r a i n s varied from 1 - 5 sees, and current 
from ,01 ma - . 3 n^* The stimulus t r a i n and current were monitored 
on a Tektronix 502 osoilloscqpe, 
•Sifritten records and drawings were made of behavioural responses 
to stimaalation. I n addition, photographs of r e l i a b l y reproducible 
responses were made (unfcrtunateHy the f i l m was l a t e r accidentaJJiy 
destroyed). No attempt was made to monitor ai^y autoiioimic responses. 
Stimulation t h r o u ^ two electrodes similtaneously was carried out 
See appendix- if-. 
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where the calculated inrpedance of the electrodes concerned and the 
current necessary to e l i c i t a response were similar. This was 
sinip3y done by doubling the current needed to obtain a response 
dtiring stimulation throtigh the single electrode, hence administering 
a current value to each s i t e approximately equal to the already 
established threshold current. 
H i s t o l o g i c a l Procedure 
At the conclusion of the experiment, the birds were sacrificed 
by an overdose of Nembutal and the location of the electrode t i p 
was marfced by a small radio frequency (E.P.) lesion. Inuaediately 
following death, the animal was decapitated and the brain perfused 
through the carotid arteries successively with saline and 10^ 
formalin and f i x e d i n 10^ formalin. The brains were then 
sectioned on a freezing microtome at 40 ju , Sections including 
electrode tracks and t i p lesions were stained with cresyl v i o l e t . 
RESULTS 
KLisctrode Position 
Unforttmately the twelve attempted r.n, implants were vm-
successful i n a l l but two cases. Often the attempted and actual 
iii5)lanted positions varied by up to 2 mm. Cerebellar implants were 
more successful, TableSi gives the locations of electrodes 
obtained from examination of the hi s t o l o g i c a l material. 
Stimulation Results 
The observations, electrode sites and stimulus parameters are 
and3»la, 
shown i n Tables3^1,^^ Table3^ summarises the responses observed. 
The two electrodes sited i n the r.n. produced consistent 
contraversive r o t a t i o n ( c i r c l i n g on the spot) and i n addition both 
e l i c i t e d leg xtiuscle effects i n vrtiich the b i r d appeared to stumble 
whilst turning. C i r c l i n g movements were also produced from 
n e o s t r i a t a l areas near the tractxis fronto a r c h i s t r i a t a l i s . 
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Table5*la 
S t i m u l a t i o n s i t e s from v/hich no d i s c e r n i b l e e f f e c t s were 
obtained 
B i r d E l e c t r o d e L o c a t i o n 
1 p a l e o s t r i a t u m primitivum 
2 * a r c h i s t r i a t u m d o r s a l e 
p a l e o s t r i a t u m augmentatum(anterior region) 
3 a r c h i s t r i a t u m v e n t r a l e 
4 p a l e o s t r i a t u m primitivum 
5 p a l e o s t r i a t u m augmentatum(anterior region) 
• The t e r m i n a l s of two e l e c t r o d e s were broken 
rl:. 
I 4; 
1 ii 
I 
m 
TABLE 5-1 
Bird Electrode Location Stimulus 
1 N, l a t e r a l i s ,05 ma 
Ectostriatum up to ,3 ma 
Paleostriata^'^'^'^ ,3 ma 
Tr, dorsolat, 
t h a i . 
Red nucleus 
N. medialis 
Post commissure 
Tr. fronto-arch. 
N. medialis 
Tr. fronto-arch. 
Neostriatum 
N. internus 
N. medialis 
Tr, fronto-arch, 
Neostriatxua 
N, basalis 
N, rotundus 
Tr.Gccip.-mes, 
or t r , s t r i o -
tegmentalis et 
s t r i o - c e r e b e l l a r i s 
Red nucleus 
,08 ma 
.08 ma 
.04 
.06 
.08 
.3 
.04 
.1 
,1 
.08 
,1 
.05 
,1 
.3 
,08 
.2 
.05 
Observations 
Immediate head and 
neck t i l t to contra-
l a t e r a l side. 
No eff e c t . 
Head bow and c i r c l e 
CO n t r a l a t e r a l l y , 
Head turn to contralat, 
side, held a f t e r stLm, 
cessation for 2 sec. 
Contralat, r o t a t i o n , 
signs of ataxia. 
Head lower. 
Head lower and squat 
Head lower and i p s i -
versive c i r c l e , 
Ipsiversive c i r c l e . 
Head lower. 
Ipsiversive head turn 
and squat immobile. 
Head shake, ipsiver-
sive c i r c l i n g , 
Contralat. body 
lean. 
Topple onto contralat 
side. 
Head lower. 
Head lower and 
occasional ipsiversive 
c i r c l e . 
Immobility? 
Head shake, 
regurgitation. 
A l e r t , preen i p s i . 
side followed by 
contra. 
Contra,.rotation. 
.02 
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Contralateral rotate 
ataxic walking. 
TABES 5-2 
Contra Contra I p s i Head Electrode 
head tu r n c i r c l e c i r c l e Bow Lean shake location 
* N,3fltoralis 
* * ' Paleostriatum 
Tr,dorsolat, 
t h a i . 
* N, medialis 
* * Post comm. 
* Tr,fron,^ 
arch, 
* * Neostriatum 
* N.basalis 
* Tp,occip, 
mes t r , 
st,teg et 
3tr,cereb, 
* Red nucleus 
(and 
ataxia) 
Suranary of responses obtained following stimulation, 
* denotes a response f a l l i n g w i t h i n a l i s t e d category. 
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paleostriatum augmentatum, posterior commissure and tractus 
strio-tegmentalis et strio-cerebellaris or ocoipitomesencephalicus, 
although only the l a t t e r was contraversive. The pattern produced 
by stimulation of the r,n, and the tractus occipito-mesencephalicus 
was quite d i s t i n c t i v e and consisted of a ro t a t i o n rather than a 
c i r c l i n g movement, with, i n the case of r,n, stimulation, the apparent 
muscular discoordination superimposed. 
The cerebellar nuclei-nucleus l a t e r a l i s , , medialis and internus 
were a l l . successfully stimulated and produced d i s t i n c t l y . d i f f e r e n t 
e f f e c t s . The nucleus l a t e r a l i s effected a head and neck t i l t of 45° 
to the contralateral side, nucleus medialis a head lowering describable 
as a bowing movement and nucleus intemus, a dramatic body lean to 
the xmstimulated side, which, with an increase i n current, caused 
the b i r d to f a l l s t i f f l y onto i t s side. 
The nucleus basalis of the telencephalon produced head shaking 
and regurgitation and neostriatal areas immediately adjacent to the 
basalis and fronto a r c h i s t r i a t a l i s produced a complex pattern of 
head shaking and ipsiversive head turning and c i r c l i n g . 
DISCUSSION 
The majnr essay of t h i s experiment was to stimulate the r,n, 
and although only successful i n two of twelve electrodes the res\ilts 
are reasonably d e f i n i t i v e . Both electrodes produced a contraversive 
r o t a t i o n and obvious signs of muscular discoordination. Circling 
and rotatory movements have been described by P h i l l i p s ( l 966) and 
Putkonen (1967) , Putkonen, moreover (personal communication)' 
asserts that such movements are extremely common, especially i n 
diencephalic and mesencephalic areas. Indeed, i t seems only 
reasonable, that where the effect of stimulation i s simply to 
create an increased l e v e l of arousal, an asymmetrical response 
woiild be expected, probably manifested i n c i r c l i n g locomotory 
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behaviour. 
The muscular discoordination (ataxia) effected by r,n, 
stimulation does however point to a more specific ef f e c t , probably 
mediated by the rubro-spinal t r a c t . I t may be that the c i r c l i n g 
pattern i s due to stimulus spread to adjacent r e t i c u l a r substance. 
The contraversive c i r c l i n g obtained from the occipito-mesence-
phalic t r a c t or tractus strio-tegmentalis et strio-cerebellaris, 
f i t s the data provided by Putkonen only i f one assumes the 
stimulated t r a c t t o be the l a t t e r , for he obtains only ipsiversive 
c i r c l i n g from the former at diencephalic levels. 
Head shaking and regurgitation was also found i n similar 
forebrain areas by Putkonen. 
Stimulation of the cerebellar n u c l e i - l a t e r a l i s , medialis and 
internus, produced what appeared to be conspicuously vestibular 
responses of leaning, bowing and head t i l t i n g . This would be i n 
accord with the findings of Groebbels (1929 - cited i n Pearson 1972) 
that the avian cerebellar nuclei are involved i n vestibular a c t i v -
i t i e s . The author had been expecting a response from one of the 
three cerebellar nuclei, i n view of the w e l l established 
cerebellar-r.n, connections i n mammals, which would contain some 
elements of the r.n, response, but clearly the effects appear to 
have no common con?)onents, (The reader i s , however, referred to 
the experiments described i n Ch. 4 i n which a connection with the 
nucleus l a t e r a l i s i s established). 
Interaction effects of s timulating the r,n. concurrent with 
other s i t e s , was successfully carried out i n one b i r d only but 
proved to be i n t e r e s t i n g . Stimulation of the r.n, and i p s i l a t e r a l 
eotostriatum simultaneously, resulted i n a s l i g h t head t u r n t o the 
contralateral side, followed by a walk forward, Hhen stimulation 
of the ectostriatum was terminated the b i r d immediately began to 
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rotate contraversively i n response to r,n, stimulation. As no 
noticeable response had been obtained to e c t o s t r i a t a l stimulation 
alone, t h i s r e s u l t suggests that Hie ectostriatum may have been 
exerting an i n h i b i t o r y effect on the r.n. response. Stimulation 
of r,n, and contralateral paleostriatum produced no diminution of 
the r o t a t i n g e f f e c t , however the response e l i c i t e d by the pale-
o s t r i a t a l electrode alone, of bowing and contralateral c i r c l i n g , 
d i d not appear. This could indicate an i n h i b i t i o n of the 
paleostriatum by tlie r.n, or l i i a t the r,n, response masked any others. 
I n conclusion, the r,n, response of c i r c l i n g i s i n accord with 
the Delgado (1965) c i r c l i n g i n free moving monkeys and certainly 
the ataxia displayed by the birds during stimulation suggests that 
the avian r,n, contributes to muscle control i n accordance with 
findings i n mammalian studies. 
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CHAPTER 4 
Afferent Rubral Connections of ihe Avian Brain 
Introduction 
A great deal of work has been done i n recent years, using both 
anatomical and electro-physiological techniques, i n the elucidation 
of connections of the Tn^^mTiwi-iftw r.n, with other areas, whereas the 
linkages of the avian supposed homologue has been but l i t t l e explored 
et al. 
since the anatomical work reported i n Ariens K^pers^ (196O), 
I t w i l l be recalled, that t r t i i l s t the major intention of the 
work reported i n t h i s thesis was to provide comparative data, i t 
was also f e l t that a study of the avian r.n, m i ^ t serve to shed 
some l i g h t on the problem posed by the findings of Then?)son et a l 
(1964, 1967, 1969) which implicate the mammalian r.n. i n learning 
and memory. To t h i s end a thorough mapping of afferent connec-
tions of the pigeon r.n. was f e l t to be necessaiy not only for 
comparative reasons but because connections with other than vdiat 
coxild be described as motor con^onents might be disclosed. 
I n consequence of the paucity of data regarding the avian r.n. 
the background material to be cited hereunder w i l l be of mammalian 
o r i g i n and w h i l s t there are many s i m i l a r i t i e s between maimnali an 
and avian species i n anatomical structures of diencephalon and 
mesencephalon, the telencephalon may well be dissimilar. The 
review of the l i t e r a t u r e w i l l therefore be concentrated on midbrain 
and brainstem areas, with mention of forebrain links i n so f a r as 
i s necessary to c l a r i f y major functional and anatomical connections 
i n the mammal. The numiber of publications devoted t o the mammalian 
r.n, and anatomically related structures, i s so large as to preclude 
a comprehensive coverage i n t h i s thesis and therefore only the major, 
w e l l confirmed l i n k s w i l l be i n i t i a l l y discussed. 
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The Mammalian Red Nucleus 
The Rttbro-spinal System 
The r.n, and i t s d i r e c t efferent t r a c t the rubro-spinal, has 
been known for many years and investigation of fJ$ii>>has produced 
a great deal of data i n analysis of the means b^ ^ l i c h motor control 
i s effected. I t has been confirmed many times that the r,n, exerts 
a f a c i l i t a t o r y action on contralateral flexors and an i n h i b i t o r y 
action on contralateral extensors (e.g. Ponipeiano 1958, Sasaki et 
a l 1960), The precise means by which such control i s exerted i s 
not v i i o l l y clear, a l t h o u ^ ^ p e l b e r g (1967A and 1967B) has shown 
that the gamma motor system i s involved as wel l as the alpha. I n 
terms of the contribution of the r,n, to overall motor control, the 
very elegant work by Lawrence and Ktcrpers (1968) demonstrated that 
the r . n , and rubro-spinal t r a c t i s responsible fa r control of the 
d i s t a l musculature * hand, fe e t and arm movements, a l t h o u ^ the 
c o r t i c a l motor ^stem and pyramidal pathways duplicate t h i s and 
are, i n addition, responsible f o r f i n e finger movements. As stated, 
the precise mechanisms are not yet known but are i n any case 
ir r e l e v a n t to -the main theme of t h i s thesis. 
Cerebellar-rubral Links 
A l t h o u ^ efferent f i b r e s from c o r t i c a l areas 4 and 6 project 
i p s i l a t e r a l l y to the magno-celliilar portion of the r.n, (Rinaik and 
Walberg 19 6 3 ) , Tsukahara and Kosaka (1966) have shown that the input 
from the cerebellar nucleus interpositus i s more e f f i c i e n t i n terms 
of i t s sjmaptic connections. This fact would appear to suggest 
that cerebellar influence i s o f greater ingxirtance i n r.n. function 
than that of the cerebral c o r t i c a l areas. The probable interaction 
process between -the cortico-spinal and rubro-spinal motor systems i s 
suggested by Eccles et a l (196?) i n t h e i r excellent book. They 
show that when Ihe r.n. i s f a c i l i t a t e d by fib r e s from the 
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interpositus nucleus of the cerebellum, an i n h i b i t o r y post 
synaptic p o t e n t i a l can be recorded i n the ventrolateral thalamus. 
As the ventro-lateral thalamus i n h i b i t s the cerebral c o r t i c a l areas 
from which the pyramidal t r a c t projects i t would seem that 
f a c i l i t a t i o n of the r,n, would be acconrpanied by a diminution of the 
pyramidal t r a c t a c t i v i t y . Furthermore, Eccles et a l (1967) point 
out that stimulation of tlae medullary pyramid effects an i n h i b i t i o n 
of the r,n, presumably by axon colla t e r a l s of the pyramidal t r a c t , 
FigJi.«1 schematises the possible r e l a t i o n between the respective 
motor pathways. 
Other Afferent Sources 
I n addition to the irgjut from the nucleus interpositus of the 
cerebellum and areas 4 and 6 of the cerebral cortex, there would 
appear t o be afferent t r a c t s from the basal-ganglia, although 
there i s some confusion as to the precise source of the input; 
Massion (1967) concludes his review of experimental findings ",,,,we 
can say that i n carnivores and primates, whenever experimental 
lesions have been carried out, i t seems established that no fibres 
pass from either the lentiforra nucleus or from the caudate to the 
magno-cellular part of the r,n. A small pallidorubral pathway 
does prpbably exist and i t , again, probably ends i n the magno-
oe l l u l a r part of the r,n " 
Papez and Stotler (1940) and Martin (1969) describe a direct 
v i s t i a l projection from ihe superior collioulus t o the r,n, Ariens 
Kappers et a l (1960) describe a similar tecto-rubral projection i n 
bi r d s , 
I n ad.dition t o the d i r e c t vis\ml pathway, sensory projections 
of an i n d i r e c t nature, probably v i a the cerebellm, have been 
demonstrated by Massion and Albe-Fessard (1963) from somaesthetic 
and auditory stimulation using the evoked potential recording 
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cortical moior 
areas 
ventro lateral 
thalamus _ j n terpositus 
reolnucleus ^ 
rubro spinal 
tract cortico spinal 
tract 
Fig.4'1. Probable process of i n t e r a c t i o n between red nucleus 
and c o r t i c a l motor systems. P o s i t i v e and negative 
s i g n s denote e x c i t a t o r y and i n h i b i t o r y l i n k a g e s 
r e s p e c t i v e l y . The diagram i l l u s t r a t e s t h a t 
a c t i v a t i o n of the r.n. by the nucleus i n t e r p o s i t u s 
of the cerebellum i s p a r a l l f e l e d by a re d u c t i o n of 
a c t i v i t y i n c o r t i c a l a r eas and a c t i v a t i o n of the 
c o r t i c o - s p i n a l system e f f e c t s an i n h i b i t i o n of the 
r.n. 
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technique. I n addition, Ermolaeva and Chemig^svsky (1964) have 
shown vi s c e r a l afferents following stimulation of the splanchnic 
nerve w h i l s t Manni et a l , (19^5) have recorded potentials i n the 
r.n, a r i s i n g from vestibular stimulation. 
Although other afferent projections have been shown (see 'P±B-jf^ 
those outlined above represent what are probably of major import-
ance. 
Other Efferent Lirks 
I n addition to the mibro-spinal t r a c t , i p s i l a t a ^ a l efferent 
connections have been shown to exist with the subthalaraus and globus 
pallidus (Carpenter 1956), Stimulation of the r.n. has also 
suggested i n d i r e c t efferents a f f e c t i n g autonomic function. Thayer 
et a l . (1966) found that e l e c t r i c a l stimulation of the r o s t r a l 
r,n., i n the Macaque, produced a significant increase i n gastric 
secretion and Lewin (1967), also using e l e c t r i c a l stimulation, 
demonstrated an i n h i b i t o r y effect on spontaneous contractions of 
the vtrinary bladder i n the cat. Sano et a l . (196?) found that 
e l e c t r i c a l stimulation of the r.n, i n man produced parasympathetic 
reactions such as lowered blood pressure and p u p i l constriction. 
Clearly there would appear to be an across species s i m i l a r i t y i n 
autonomic response produced by r,n, stimulation. Monnier (1968) 
desribes a hypothalamic-r.n. l i n k which i s ergotrophic i n function 
(page 207) and another trtiich i s trophotrophic (page 2 2 3 ) . This 
double innervation may w e l l accotant for the contradictory findings 
of Lewin (1967) and Thayer et a l . (I966) of tirinary i n h i b i t i o n and 
f a c i l i t a t i o n of gastric secretion respectively, the former being 
ergotrophic and the l a t t e r trophotrophic. I t w i l l be recalled 
that Ermolaeva and Chemigovsky (1964) demonstrated an afferent 
l i n k between the splanchnic nerve and the r,n,, the former being 
intimately concerned i n autonomic nervous system regulation 
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T±Sck'2 Afferent and efferent connections of the r.n. Solid l i n e s linking 
areas denote confirmed l i n k s , broken l i n e s indicate as yet 
unconfirmed findings. -
(from R a p o f o p i et al. 
4:2-
(Grossman I967). Thayer et a l . f i n d their results " surprising, 
because t h i s region has been t r a d i t i o n a l l y associated with motor 
a c t i v i t y rather than autonomic regulation". I t seems only 
reasonable however to expect autonomic effects from stimulation of 
a motor system, wither by way of direct or i n d i r e c t efferents or 
from feedback from muscle systems. 
The foregoing very b r i e f outline of findings pertaining to the 
mammalian r,n, by no means covers a l l the published work. The 
reader i s directed to the review by Massion (1967) f o r a more 
comprehensive coverage. The magnitude of the task of unravelling 
the connectivity of the r.n. i s perhaps best i l l u s t r a t e d by renewed 
reference to Figjj ' 2 whidi outlines mai^r more of the reported 
connections than have been discussed above. 
Given the lack of research on the avian r.n. i t was f e l t 
necessary to determine connections i n order to ascertain:-
(1 ) TlJhether the avian r.n, was analogous to that of the 
mammal, i n terms of afferent l i n k s , 
and (2) V/hat con^arative differences, i f any, exist. 
THE MAPPING KXPHtlMEM! 
Experiments were performed on 29 pigeons of mixed s t r a i n , 
obtained from a dealer, and selected on the basis of weight - a l l 
birds weighed more -than 300 gms. The lower weight r e s t r i c t i o n was 
found to be necessary i n the interests of accuracy of electrode 
locatio n given that the stereotaxic atlas used, that of Karten and 
Hodos (1967) was based on Carneaux pigeons which are a standard 
breed weighing between 40O-60O gms. Early woric by the author 
showed that the use of animals weighing less than 300 gms, tended 
to produce inaccurate electrode placement probably due to 
immaturity i n s k u l l size. 
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ELeotrodes 
Recording and stimulating electrodes were f ine , stainless steel 
insect pins. The electrodes were insulated by six thin coats of 
Shenvar varnish, achieved by mechanical dipping, with each coat 
being 'Taaked" at 130°C for f ive hours, A 0,5 mm tip was then 
scraped bare under a low power binocular lens and liie electrode 
tested for insulation leakage by bubbling i n a saline solution 
(Delius 1966). Stimulating electrodes were fixed i n paral le l 
pairs and those for recording purposes i n threes by means of an 
acryl ic dental cement. The t ip separation of the electrodes was 
between 0.50 - 0,75 mm. 
Stimulation arii Recording Procedure 
E lec tr i ca l stimulation of the brain, achieved by means of a 
Nuclear (Chicago) constant current stimulator, consisted of a biphasic 
rectangular p\xlse of 0,5 m. sec. and 0,01 - 0,2 ma, Aj35)lification 
of r . n . act ivi ty following stimulation of brain areas was by means 
of a Tectronix 122 preaniplifier using a low frequency cut off of 5 
cycles/sec, and a h i ^ frequency out off of 250 cycles/sec. The 
resultant activity was displayed either on a dual trace storage 
oscilloscope or averaged on a Biomac 500 averaging con5)uter, 
location of the recording electrode i n the r , n . was achieved 
both by the stereotaxic co-ordinates and also by a phenomenon 
discovered early in the series of experiments. I t was found that 
the coated insect pins were sufficient to record the spike activity 
of single or groups of the large cel ls of tiie r , n . whilst being too 
coarse to record from the units of svoroTinding areas. More accurate 
placement of the recording electrode was therefore obtained by 
f i l t e r i n g out the low frequencies associated with mass potentials 
and observing xinit activity by using the oscilloscope and a sound 
ang^lification ^stem. I t was thus possible to gain both visual and 
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auditory confirmation of the successful location of Mie r . n . area. 
Procedure 
The animal was anaesthetised by intra-muscular injection of 
Equithesin according to body weight (2,5 cc per k.g . ) and placed in 
a Kopf stereotaxic instrument. The skul l , above the electrode 
s i tes , determined from -the at las , was trephined and the .dura incised. 
The recording electrode was driven downward unt i l the tip was 
approximately 1 mm rostral to the r . n . area according to the atlas 
co-oi'dinates and the f i l t er ing and amplification system adjusted to 
record single units . The electrode was then drivedn down by a 
miorodrive unt i l spike act ivity became apparent. In the absence 
of such act iv i ty i t was assumed that location was inaccurate 4nd 
the electrode was withdrawn and re-located. 
Several points regarding electrode location should be made at 
this juncture:-
(a) Stereotaxic co-ordinates alone were not reliable enough -
often being up to .75 - 1 mm discrepant. 
(b) Skull markings were found to be unreliable as a means 
of location, 
(c) Single units were not present or at least not recordable 
with the coarse electrodes used, whilst the animal was 
deeply anaesthetised. 
The stimulating electrode was lowered so that the tips just 
penetrated the tissue at the chosen s i te . The recording equipment 
was reset to record mass potentials and stimulation was then begun. 
At each stimulation site the parameters of the e lectr ical 
stimulation were varied. Pulses were delivered at intervals of 
1 per second to 1 per f ive seconds.** Amplitude varied from O.OI -
** D\Jring earily e3q)erimentation i t was found that the r . n . response 
became rapidly attenuated i f stimulation exceeded i5 - 20 pulses per 
second. 
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0.2 ma. The onset of each stimulus also triggered ihe storage 
oscilloscope or Biomac sweep thereby providing a synchronised 
recording of any induced potential in the r . n . Photographic 
records were made of any resultant act iv i ty . Following completion 
of the stimulation sequence the stimulating electrode was advanced 
0.5 - 1 ,0 mm and the procedure repeated unt i l the limits of the 
electrode track, determined from the stereotaxic at las , were 
reached. The lower l imits of each electrode track was marked by 
means of a small radio frequency lesion, the electrode withdraw^ 
and a further site explored xising the same method. No more than 
three stimulating tracks were made in any one animal in order to 
minimise the effects of electrode damage to the brain tissue. 
As the stimulation and recording procedure was lengthy, especially 
where stimulation sites produced indications of induced potentials 
i n the r , n , , the animals were often anaesthetised for prolonged 
periods before sacr i f i ce . In view of this the condition of the 
animal, i n terms of central response to stimxilation, was often 
f e l t to be such that more than a single track was inadvisable. 
Following completion of each e3q)erimexrt the animal was 
sacrif iced by means of an overdose of Nembutal, the brain perfused 
through the carotid arteries with 5% saline followed by 10?S formalin 
and fixed in 1O^S formalin for several days. Serial sections of 
40 p. were taken on a freezing microtome and each section showing 
the electrode trade or tenninal lesion, stained with cresyl violet . 
Throughout the series of ejiperiments stimulation was largely 
restricted to the homolateral side of the brain to the r . n . from 
which the recordings were made, on the assumption that, as in 
mammals, the vast majority of r . n . connections rostral to that 
nucleus would be uncrossed. The only instances in which 
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contralateral stiiaulation was atteii5)ted involved the cerebellar 
nuclei , again following what i s known of mammalian connections. 
Sites which produced potentials in the r , n . were occasionally 
checked i n other preparations, 
RESULTS 
Histology 
A total of 43 .electrode tracks was used in the mapping escperi-
ment - see Figjf'3. 
Stimulation s i tes , on examination of the histological material, 
were often found to be up to 1 mm discrepant from those attempted. 
Recording electrodes, on the other hand, were always in or near 
enough to the r . n . to be regarded as satisfactory. 
Pigs Jf4 - 1 6 show the areas of the brain from viiich potentials 
arose. The drawings are of trans-sections i n the same vert ical 
plane used for stereotaxic pvirposes. Electrode tracks are shown 
by dotted, vert ical l ines . 
Recordings 
Latencies to the f i r s t deflection of the induced potential 
varied greatly - the shortest being 1 m, sec. and the longest 
35 m. sec. The majority of recordings were obtained from stimul-
ation of telencephalic areas with the exception of two sites in the 
dienoephalon ajxL mesencephalon and two i n tiie cerebellar nuclei. 
I t i s possible that other mesencephalic areas may have connections 
with the r . n , , i t beiixg fovaid. in^ossible to reduce the very large 
stimulus ar t i fac t , which wo\ild have obscured any potentials, when 
attempting to stimulate near the recording electrode. For this 
reason i t was found to be impracticable to atten^t to establish the 
existence of rubro-rxibral connections. 
Telencepha.lic Areas 
The forebrain areas, which on stimulation produced r . n . evoked 
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Fig .4-3- The d i s t r i b u t i o n o f e l e c t r o d e p e n e t r a t i o n s shorm 
on a d r a w i n g o f -he dors-a l . s u r f ace o f the p igeon 
b r a i n . S c a l e i r , mm. 
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potentials are shown in FigsJf^, -5, '6, 7, '8, -9, '10, -11 and-14. 
The shortest latencies (hereinafter used as meaning the time period 
to the f i r s t deflection of the induced potential trace) were 
obtained from the tractiis occipito-mesencephalicus (3 m. sec.) and 
archistriatum medialis (4 m, sec.) see Pigs4.ll andW4 respectively. 
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L i s t of Abbreviations Used in Fig3 . i t 4 - -16 
AD archistriat:um dorsale 
Aid archis tr ia tm intermedivmi pars dorsalis 
Ai archistriatum intermedium 
AL ansa lenticularis 
Am archistriatum mediale 
AV archistriatxim ventrale 
Bas nucleus basalis 
Be brachima conjunctivum 
BO bulbus olfactorius (olfactory bulb) 
CA commissxum anterior 
Cb cerebellum 
Cbi nucleus cerebellaris internus 
CbL nucleus cerebellaris la tera l i s 
CbM nucleus cerebellaris medialis 
E ectostriatum 
FA tractus fronto- archis tr iata l i s 
FIM fasciculus longitudinal!s medialis 
FPL fasciculus prosencephali la tera l i s ( lateral forebrain bundle) 
FPM fasciciilus prosencephali medialis (medial forebrain bundle) 
HA hyperstriatum accessorium 
HD hyperstriatum dorsale 
HIS hyperstriatum intercalatus superior 
Hp hippocanpus 
Hv hyperstriatum ventrale 
HVw hyperstriatum ventrale ventro-ventrale 
Lhy la tera l hypothalamus 
LPO lobus parolfactorius 
N neostriatum 
OM tractus occipito-mesencephalicus 
PA paleostriatiim augmentatum 
PP paleostriatm p r i m i t i v e 
QP tractus quintofrontalis 
Rt nucleiis rotiondtis 
TeO tectiam opticum 
Tr© tractus opticus 
TSM tractus septomesencephalicus 
V ventriculus 
VeL nucleus vestibvilaris la tera l i s 
VeM nucleus vestibularis medialis . 
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5-5 
50ms 
A.14 
P i g . i.|.L4Evoked p o t e n t i a l r e c o r d i n g s f r o m the r . n . f o l l o -
w ing s t i r . ; u l a t i o n o f the i s i l a t e r a l o l f a c t o r y b u l b . 
S t e r e o t a x i c a t l a s c o o r d i n a t e ( A t l a s o f K a r t e n and 
Hodos) a n t e r i o r U j . i-Juinbers t o r i g h t o f tra'^es 
i n d i c a t e s t e r e o t a x i c v e r t i c a l coord i ;^a tes o f the 
s t i m u l a t i n g e l e c t r o d e . S t i m u l u s ;'Ulse ( • f-r.-.sec. , 
.05ma. ) o c c u r r e d a t the extreme i e f t o f the t r a c e . 
L a t e n c y 35 - ^Om.sec. 
4 0jjv HVvv 
9-5 
20ms 
80 
40>jv 
lOms 
A.12-5 
Pig./+'5 ' Evoked p o t e n t i a l r e c o r d i n g s o b t a i n e d f r o m the r . - i . 
f o l l o w i n g s t i : . . u l a t i o n o f i p b i l a t e r a l h y o e r s t r i a t u : i 
v e x i t r a l e v e n t r o - v e ^ . t r a l e . A n t e r i o r 12 . 3 , v e r t i c a l 
9 .5 - S.L i i i d i c a t e c o o r d i n a t e s o f s t i m u l a t i n g 
e l e c t r o d e . St i r ; iUlus pu l s e o c c u r r e d a t the 6:-:trer..e 
l e f t o f t h e t r a c e . I^ate i ic iess f o r these t r a c e s 
e s t i n . - j t e d a t i S m s e c , v a r i e d b o t h w i t h i n a s i i . g l e 
s t i i ! , u l a t i n g e l e c t r o d e p e . j e t j r a t i o n and between 
d i f f e r e n t pe i^e t r a t iO i^s f ro.m 15 - ZiCmsec. 
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A.12 
4 0wv 
40ms 
' igi+-6 Evoked p o t e n t i a l r e c o r d i n g s o b t a i n e d f r o m the r . n . 
f o l l o v / i n g s t i m u l a t i o n o f t he i p s i l a t e r a l p a r o l f a -
c t o r y l o b e . A n t e r i o r 12, v e r t i c a l t . . G - 5 .0 i n d i c -
a t e c o o r d i n a t e s o f s t i m u l a t i n g e l e c t r o d e . S t i i u l u s 
pu l se o c c u r r e d a t t h e extreme l e f t o f the t r a c e . 
L a t e n c y e s t i m a t e d a t 15msec. 
5(3 
40uv 
A.11-25 
F i g . i 4 - 7 Evoked p o t e n t i a l r e c o r d i n g o b t a i n e d f r o m r . n . 
f o l l o w i n g s t i m u l a t i o n o f the i p s i l a t e r a l psrolfactors-lobe. 
A n t e r i o r 11.25? v e r t i c a l c.C - ' . 0 i n d i c a t e 
c o o r d i n a t e s o f b t i m u l a t i n g e l e c t r o d e . S t i m u l u s 
pu l se o c c u r r e d a t the extreme l e f t o f t r a c e s . 
L a t e n c y e s t i m a t e d a t 15t:-;scc. 
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A. 110 
iJ ' ig .A"8. S e r i e s o f evoked p o t e n t i a l r e c o r d i n g s o b t a i n e d f r o m 
the r . n . f o l l o ¥ / i n g s t i m u l a t i o n a t a s i . i g l e p o i - . t , 
p r o b a b l j ' o f the i p s i l a t e r a l t r a c t u s f r o n t o - a r c h i s -
t r i a t a l i s . A n t e r i o r 1 1 . 0 , v e r i c a l 3.C i n r i i c a t e 
c o o r d i n a t e s o f s t i m u l a t i i i g e l e c t r o d e . Traces 
show r e c o r d i n g s f o l l o v . ' i n g s t i m u l a t i o n r a t e s o f 1 
per i L s e c s . , 1 per 2 s e c , 5 per s e c , 8 per sec. 
i^ote the r educed a p l i t u d e a t 8 per sec. L a t e n c y 
e s t i m a t e d a t 5msec. 
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A.10 
Pig.i4 -9 . Evoked p o t e n t i a l r e c o r d i n g s o f tv/o d i s t i n c t 
p o t e n t i a l s o b t a i n e d f r o m the r . n . d u r i n g a s i n g l e 
p e n e t r a t i o n , f o l l o w i a g s t i m u l a t i o n o f t he i p s i -
l a t e r a l n e o s t r i a t u m in t e rmed ium and m e d i a l 
f o r e b r a i n b u n d l e . A n t e r i o r 1C and v e r t i c a l 1C.C 
- 9 . ( 0 and. l.Li - S.O i n d i c a t e c o o r d i n a t e s o f s t i m -
u l a t i n g e l e c t r o d e s . S t i m u l u s pu l se o c c u r r e d a t 
ext reme l e f t o f the t r a c e s . L a t e n c i e s f r o m s t i r . -
u l a t i o n o f n e o s t r i a t u m i n t e r m e d i u m , e s t i m a t e d a t 
20msec. f o r t he above t r a c e , v a r i e d f r o n , 12 - 20 
msec. La t encv f r o m m e d i a l f o r e b r a i n bund le was 
c o n s i s t e n t : es t i ! . . a ted a t i^msec 
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A.8-5 
F i g . i j - I O Evoked p o t e n t i a l r e c o r d i n g o b t a i n e d f r o m the r . n . 
f o l l o w i n g s t i m u l a t i o n o f t he i p s i l a t e r a l l a t e r a l 
f o r e b r a i n b u n d l e , - ^ x i t e r i o r 8.5 v e r t i c a l 3 . ( -
^-. C i n d i c a t e c o o r d i n a t e s o f s t i m u l a t i n g e l e c t r o d e s . 
S t i m u l u s pu l se o c c u r r e d a t t he extreme l e f t o f 
t h e t r a c e . L a t e n c y e x t i m a t e d a t 5msec. 
67 
70 
6 5 
100 wv 
10 ms 
A.7-25 
P i g . V 1 1 . Evoked p o t e n t i a l reo^ording f r o m the r . n . f o l l o -
w i n g s t i m u l a t i o n o f i p s i l a t e r a l t r a c t u s o c c i p i t o 
- mesencepha l i cus . A n t e r i o r 7 . ?5 , v e r t i c a l 7 .C -
6 . 5 i n d i c a t e c o o r d i n a t e s o f s t i m u l a t i n g e l e c t r o d e . 
S t i m u l u s pu l s e o c c u r r e d a t extreme l e f t o f t r a c e . 
L a t e n c y e s t i m a t e d a t 3msec. 
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R.N. ELECTRODE 
A.70 
Pig./<'12. Evoked p o t e n t i a l r e c o r d i n g s f r o m the r . n . f o l l -
owing s t i m u l a t i o n a t a s i n g l e p o i n t i n the 
i p s i l a t e r a l l a t e r a l hypo tha lamus . A n t e r i o r 7«<^ 
v e r t i c a l 3'^ i n d i c a t e c o o r d i n a t e s o f s t i m u l a t i i i g 
e l e c t r o d e s . The two t r a c e s are r e c o r d e d f r o m 
p o i i j t s C.5mm a p a r t d o r s o - v e . j t r a l l y i n the r . n . The 
r e v e r s a l o f the p o t e n t i a l i n d i c a t e s t h a t the 
c e n t r e o f the source o f the p o t e n t i a l l a y 
be tween the tv/o e l e c t r o d e p o s i t i o n s a.id t h u s 
was u n l i k e l y t o o r i g i n a t e f r o m o u t s i d e o f the r . n . 
L a t e n c y e s t i m a t e d a t ?msec. 
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A. 6-5 4 0 u v lOms 
Pig.i^•13. S e r i e s o f evoked 
from t h e r.n= as 
t r a v e r s e d t h e i o 
Rate o f s t i m u l a t 
v e r t i c a l ?•5 - 5 
s t i m u l a t i n g elec 
6rnsec. I n s e t ( a ; 
s t i m u l a t i n g a t I 
the t e x t ^^rovide 
e a t i a l r e s u l t e d 
p o t e n t i a l r e c o r d i n g s o b t a i n e d 
the s t i m u l a t i n g e l e c t r o d e 
B i l a t e r a l nucleus rotundus. 
i o n 1 per sec. A n t e r i o r 6.5, 
.0 i n d i c a t e c o o r d i . i a t e s o f 
t r o d e s . Latency e s t i m a t e d a t 
demonstrates the e f f e c t o f 
0 per sec. aiid as e x p l a i n e d i i i 
s eviden-e t h a t t he evoked n j t -
fror i : orthodroi..ic c onduction^ 
6;o 
40iu\ 
10 ms 
Pig.t{-I3a. Upper t r a c e i s a r e c o r d i n g from the .^ucleus 
r o t u n d u s f o l l o v / i n g s t i m u l a t i o n o f the r . n . 
Lower t r a c e a r e c o r d i n g from the r . n . f o l l o v i n g 
s t i m u l a t i o n o f the xiucleus r o t u n d u s . The upper 
p o t e n t i a l vas s t i l l p r esent a t s t i m u l a t i o n r a t e s 
o f 5^ per sec. v/hereas the l o v e r became atuenua-
t e d a t 1C per sec. ( n o t shovai b u t see i n s e t (a^ 
i n Fig-i-cl3)« ..otice the sm a l l o s c i l l a t i o n 
p r i o r t o the l a r g e d e f l e ' - t i o n i n the lo\"'er t r ce 
vrhich may r e p r e s e n t p r e s y n a p t i c a c t i v i t y . The 
s u g g e s t i o n i s made t h a t Doth f i n d i n g s i n d i c a t e 
a r o t u n d u s - red nucleus r a t h e r than a red .lUcleus 
-rotundus c o n n e c t i o n . 
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Fig./H-1Ii. Evoked p o t e n t i a l r e c o r d i n g o b t a i n e d froi;! the r . n . 
f o l l o w i n g s t i m u l a t i o n o f t h e i p s i l a t e r a l a r c h l -
s t r i a t u m m e d i a l i s . A n t e r i o r 6.C, v e r t i c a l 7»f-
7.C i n d i c a t e c o o r d i n a t e s o f the i s t i n u l a t i n g 
e l e c t r o d e . S t i r u l u s pulse o c c u r r e d a t the e x t r -
eme l e f t o f the t r a c e . Latency e s t i m a t e d a t /msec 
6.2 
stimulation of medial and l a t e r a l forebrain bundles (Pigs ,4.9 andi,-10) 
and tractus f l r o n t o - a r c h i s t r i a t a l i s (Fig.A^) produced latencies of 
h-f 5 and 5 m. sec, respectively. 
Other s i t e s , namely the parolfactory lobe (Figs,U'6 andU7), 
hyperstriatum ventrale ventro-ventrale (FigJ^'5), neostriattim 
intermedim (Figi<-'9) and olfactory bulb (Fig,i4 '2f) , produced latencies 
of 15 , 15 - 40, 12 - 20 and 35 m. sec, respectively. 
Diencephalic and Cerebellar Areas 
The two diencephalic sites from ishich potentials were evoked 
i n the r.n, were the nucleus rotundus, with a latency of 6 m, sec, 
(Figi '15) and the l a t e r a l hypothalamus, at 2 m, sec. (Fig,U.12). The 
former was carefully investigated because i t was unescpected i n view 
of the findings of Revzin and Karten (^^66) (see Discussion), I n 
p a r t i c u l a r , an attengot was made t o determine i^ether the projection 
was afferent or efferent. Inset (a) i n FigJ;.13 demonstrates the 
e f f e c t of stimulating the nuoleiis rotimdus at 10 per sec, FigJ^'13 (a) 
gives the p o t e n t i a l recorded i n the same nucleus following a 
reversal of the stimulation and recording leads, i . e , stimulation 
of ihe r.n, and recording from the nucleus rotundus. The absence 
of the o s c i l l a t i o n s i n the trace p r i o r to the large deflection i n 
the l a t t e r case (the o s c i l l a t i o n s probably represent presynaptic 
a c t i v i t y ) coupled with the f a c t that the potential was s t i l l present 
at a stimulation rate of 50 per sec, tends to suggest an eintidromic 
p o t e n t i a l . I t would therefore seem that the projection i s from 
the nucleus rotundus t o the r.n. Although the stimulation and 
recording leads were not reversed for any of the other sites, the 
f a c t that the response becacB attenuated at stimulation rates of 
1 0 - 2 0 per sec, was considered to be s u f f i c i e n t evidence that the 
connection with the r.n, was afferent. Allowing an absolute 
re f r a c t o r y period of 2,0 m, sec. as representing the longest i n 
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the C.N.S, (Grossman 19^7) i t should be possible to record an 
antidromic p o t e n t i a l at stimulation rates vop to 500 per sec. 
Potentials were recorded following stimulation of the nucleus 
l a t e r a l i s (FigJ)^l6) and nucleus medialis and/or intemus (Fig ,V15) 
of the cerebellum, with latencies of 1 and 5 ni, sec, respectively, 
although the author has doubts about the l a t t e r recording (see 
Discussion). 
DISCUSSION 
Given that the r.n, i s an intportant motor control centre, the 
apparent paucity of connections demonstrated i a this experiment i s 
surprising, especiallyjdiien one considers the large number of reported 
l i n k s i n the mammal, (see FigJ+.2). 
The telencephalic induced potentials are d i v i s i b l e i n t o two 
d i s t i n c t categories on the basis of the latency of the recorded 
p o t e n t i a l . I t would seem that the tractus f r o n t o - a r c h i s t r i a t a l i s , 
l a t e r a l forebrain bundle, medial forebrain bundle and tractus 
occipito-mesencephalicus, each prominent t r a c t s i n the avian brain, 
with latencies of 5 , 5 , 4 and 3 m. sec, respectiveOy, conduct more 
or less d i r e c t l y to the r.n. On the other hand the olfactory bulb, 
parolfactory lobe, neostriatvim intermedium and hyperstriatum 
ventrale ventro-ventrale with latencies of 35, 15, "12 - 20 and 15 
- ifO m, sec. respectively must involve many synapses. The only 
•area' as d i s t i n c t from a t r a c t viiich produced a short latency 
response was the arehistriatum medialis, stimulation of v ^ c h 
produced a p o t e n t i a l of 4 m. sec. latency which t i e s i n with the 
short latency response (3 m, sec) of the occipito-mesencephalic 
t r a c t which has been shown to originate i n the archistriatvim 
(Huber and Crosby 1929, Zeier and Karten 1971). 
The other latencies present problems. Given the short latejjcSr 
potentials induced by stimulation of the l a t e r a l and medial 
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Flg.1,.15. Evoked p o t e n t i a l r e c o r d i n g o b t a i n e d fo l lo i-'ing 
s t i m u l a t i o n o f the c o n t r a l a t e -al nucleus med-
i a l i s and/or i n t e r a u s o f t h e cerebel'^um. On the 
b a s i s t h a t t h e p o t e n t i a l was r e -orded from Oiily 
one o f the e l e c t r o d e s , as shown, (see t e x t f o r 
f u l l e x p l a n a t i o n ; i t was assumed t h a t i t arose 
i l l the brachium c o n j u n t i v u m . 
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40 
P.075 
F i g . i i ' l 6 . Evoked p o t e n t i a 
f o l l o w i n g stimi] 
n ucleus l a t e r a l 
C.73J v e r t i c a l 
o f t h e s t i m u l a t 
the l o w e r t r a c e 
s t i r . u l u s p u l s e 
the p u l s e occur 
o f t h e t r a c e . L 
I r e c o r d i n g o b t a i n e d from the r . n . 
I' d t i o n o f the c o n t r a l a t e r a l 
i s o f the cerebellum. P o s t e r i o r 
8.3-8.(. i n d i c a t e the c o o r d i n a t e s 
i n g e l e c t r o d e s . The arrov; i n 
marks the p o i n t a t v^hich the 
o c c u r r e d ; i n the upper t r a c e 
r e d a t the extreme l e f t edfje 
atency e x t i m a t e d a t 1msec. 
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forebrain bundles of 5 and 4 m, sec,, one would expect t o f i n d areas 
giving r i s e to potentials at 7 or 8 m. s e c , allowing at least one 
synapse. I f however, there are several synapses within areas, 
then one would expect to f i n d d i f f e r e n t latencies within the same 
area, depending upon the synaptic connections stimulated. Cer-
t a i n l y the results from the neostriatum and hyperstriatum, both of 
which displayed v a r i a b i l i t y , tend to bear out t h i s hypothesis. 
Avian Red Nucleus Connections suggested by the Findings 
A sjmthesis of the findings i n t o probable pathways i s possible. 
Tffo routes connecting higher centres with the r.n, can be d i s t i n -
guished on the basis of latencies wliich f i t existing anatomical 
data. 
( l ) The olfactory bulb i s linked to the archistriatum via the 
l a t e r a l olfactory t r a c t and the tractus fronto-
a r c h i s t r i a t i c u s , (Huber and Crosby 1929). The 
archistriatum i s linked to many diencephalic and 
mesencephalic centres by the tractus occipito-
mesencephalicus ai3d occipito-mesenoephalicus pars 
hypothalamus (Zeier and Karten 1971). I t i s clear from 
the findings of the l a t t e r authors, that the tractus 
occipito-mesencephalicus does not project d i r e c t l y t o the 
r.n,, although they do distinguish a pars h3rpothalami 
which projects from the medial areas of the archistriatum 
(the region from which the p o t e n t i a l was obtained i n the 
present study) to the medial hypothalamus. Unfortunately 
the medial hypothalamus was not stimulated i n -tiie course 
of mapping and a pathway from there to the r.n. can only 
be hypothesised, alliiough such a projection was demonstrated 
from the l a t e r a l hypothalamus. The neostriatum i n t e r -
medixM and hyperstriatum ventrale ventro-ventrale project 
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to the tractus f l * o n t o - a r c h i s t r i a t a l i s . (Huber and 
Crosby 1929) Pathway ( l ) i s diagrammed i n F i g . M 7 . 
(2) The parolfactory area i s linked via the medial forebrain 
bundle to the l a t e r a l hypothalamus (Karten and Dubbeldam 
1973) and thence to the r.n. Pathway (2) i s given i n 
Pig . W 8 . 
Two potentials provide some d i f f i c t i l t y . That recorded from 
stimulation of the l a t e r a l forebrain bundle (5m. sec,), by vi r t u e 
of the complex nature of the t r a c t , containing as i t does marry 
f i b r e t r a c t s serving a great number of areas (Huber and Crosby 1929) 
and the p o t e n t i a l arising from stimulation of the nucleus rotundus 
(6m. s e c ) . The nucleus rotundus has been extensively investigated 
by Revzin and Karten (I 966/67) and Karten and Revzin (1966), who 
f i n d that the nucleus i s an important way station i n visual 
p r o j e c t i o n to the ectostriatum of tiie forebrain. I f t h i s i s 
correct, the rotxjndo-rubral projection must carry visual information. 
Reference to Chapter 5 of t h i s thesis confirms a visual projection 
to the r.n. although the latency obtained by e l e c t r i c a l stimulation 
of the optic t r a c t (3m. sec) - see Fig.5-2c Ch. 5 - i s too short to 
enable the rotundal projection (6m, sec.) t o be responsible f o r , 
at l e a s t , the early phase of the evoked visual response. The 
exclusively visual function of the rotundus claimed by Karten and 
Revzin (1966) has however been qtiestioned by Baker-Cohen (1968) 
v i z : - " . . . . . i t has been repeatedly enphasised by Huber and Crosby 
that a characteristic pattern i n the r e p t i l i a n brain i s the 
convergence of somatic sensory impulses from spinal, brainstem and 
medullary centres upon the highly d i f f e r e n t i a t e d correlation centre 
developed i n the optic tectum. After synapse mai^ of the iii5)ulses 
are projected forward upon the dorsal thalamus; the nucleus 
rotundus i s one of the chief recipients of the large tecto-thalamic 
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olfactory bulb (35) 
hyperstriatum 
ventrale 
n. tn fronto-archisfri 
1$ 
neostriatum 
intermedium 
archistriatum (4) 
med. hypothal.^^^ 
'red nucleus 
Pig.i4.i7. Pathway 1. Hypothesized pathway l i n k i n g o l f a c -
t o r y bulbj, h y p e r s t r i a t u m v e n t r a l e a.id n e o s t r -
iatum inter,,,edium w i t h the r . n . o f the pigeon, 
based o.i p o t e n t i a l s evoked i n the r . n . by 
e l e c t r i c a l s t i m u l a t i o n o f the areas c i t e d , 
uumbers i n p a r e n t h e s i s i n d i c a t e l a t e n c i e s , i n 
m i l l i s e c o n d s , o f the evoked o o t e a t i a l s f o l l o -
v/ing s t i m u l a t i o i i o f r e s p e c t i v e areas 
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l obus p a r o l f a c t o r i u s ( l 5 ) 
/ 
/ 
/ 
/ 
/ 
/ 
• 
a t . h y p o t h a l . ( 2 ) 
^ r e d n u c l e u s 
F i g . i j ' l 8 . Pathway 2. Hypothesized pathvvav l i n k i n g the 
p a r o l f a c t o r y area w i t h the r . n . based on evoked 
p o t e n t i a l s a r i s i n g i n the r . n . f o l l o v / i n g e l e c t -
r i c a l s t i m u l a t i o n o f the areas c i t e d . Numbers 
i n p a r e n t h e s i s i n d i c a t e the recorded l a t e n c i e s 
o f the p o t e n t i a l . 
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t r a c t s , Tecto thalamic and thalamotectal connections i n birds are 
similar to those of the r e p t i l e , " I n other words, although Karten 
and Eevzin, by lesioning lower centres and looking f o r degeneration 
i n the rotundus have demonstrated a lack of direct somaesthetic 
projections, i t i s possible that i n d i r e c t pathways exist. I n 
support of Karten and Revzin's conclusion however, Erulkar (1955) 
and unpublished work by Delius and Benetto i n t h i s laboratory, have 
f a i l e d to f i n d evoked rotund.a1 responses to somaesthetic stimulation. 
The potentials obtained from the contralateral cerebellar 
nuclei (Figs , i f l 5 andM6) were expected on the basis of the many 
mammalian studies and the f a c t that the baseline a c t i v i t y of the 
r.n. i s dependent upon a constant input from the cerebellum (Eccles 
et a l 1967). The obtained potentials are quite emphatic. That 
from stimulation of the contralateral, cerebellar nucleus l a t e r a l i s 
(Fig,i ) . l 6 ) , with .a latency of 1 m. sec., the fastest obtained i n the 
present study, c l e a r l y shows the importance of t h i s l i n k . The 
p o t e n t i a l obtained by stimulation of the nucleus medialis and/or 
intemus - latency 5 m. sec, - ¥xgMA5 - i s probably not derived 
from ihe r.n. I t w i l l be recalled -that the recording electrode 
consisted of three electrodes cemented together. The recording 
leads were arranged such that two separate traces were displayed 
i . e . one from the anterior and central electrode and the other from 
the posterior and central electrode. I n situations where a c t i v i t y 
was recorded on one trace only i t follows that the potential must 
be centred near one of the outer electrodes. The potential under 
discussion represents such a case. Examination of ihe h i s t o l o g i c a l 
material indicated that the electrode from # i i c h the recording was 
made was s i t e d caxidally to the r.n. and the recorded a c t i v i t y 
probably originated from the brachium conjuctivum, the major 
mesencephalic and diencephalic efferent pathway of the aascebellum. 
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An e35)ected pathway, outlined by Huber and Crosby (1929), from 
the paleostriatum to the r.n, area by way of the tractus s t r i o t e g -
mentalis, was not confirmed i n the present study, although the 
paleostriatum was stimulated on several occasions i n d i f f e r e n t 
regions. A recently published paper by Karten and Dubbeldam (1973) 
confirms t h i s r e s u l t anatomically. Although the t r a c t i n question 
l i e s a t the antero-lateral margin of the r.n. they fovmd i t to be 
"... apparently unrelated to i t . " 
The connections and hypothesised pathways discussed above are 
shown i n Fig .1 .^19. 
COMPARISON WITH MAMMAULAN COMECTIONS 
The major problem i n conparing findings i n mammalian and 
sub-mammalian species i s that l i t t l e i s known about the functional 
properties of avian and r e p t i l i a n forebrain areas. I t i s generally 
agreed that the paleostriatum of the b i r d includes the globxis 
pa l l i d u s and putamen caudate complex of the mammal. This con-
clusion i s based on histochemical grounds (Baker-Cbhen 1968 and 
Karten and Dubbeldam (1973) and electron microscope studies (Fck et 
a l . 1965) . I t w i l l be remembered that the mammalian r.n. has li n k s 
with the globus pallidus and possibly the putamen and caudate. I f 
the paleostiriat'um i s homologous to these mammalian areas then t h i s 
study has f a i l e d t o demonstrate any projection to the r.n. However, 
the area immediately adjacent to the paleostriatum, designated lobus 
parolfactorius by Karten and Hodus (1967) i s f a r more extensive than 
the septal (parolfactory) area outlined by Huber and Cresby (1929) 
which i s confined to a narrow s t r i p p a r a l l e l to the midline. I t 
could therefore be, that the potentials obtained from parolfactory 
areas are proper t o pa l e o s t r i a t a l regions. However, potentials 
were obtained from parolfactory areas too anterior to be regarded as 
p a l e o s t r i a t a l , see Flg.k'G and furthermore, always arose from tissue 
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o f t h e i p s i l a t e r a l t e l e n c e p h a l o n , diencephalon 
and c e r e b e l l a r n u c l e i . 
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designated as parolfactory i n the Karten and Hodos a t l a s . No 
potentials were obtained by stimulation of p a l e o s t r i a t a l regions 
l a t e r a l to the lobus parolfaotorius. The w i i t e r i s of the opinion 
therSftore, that the induced potentials did arise from the parolfac-
t o r y areas. Karten and Dubbeldam (1973) have recently provided 
confirmatory evidence, using anatomical methods, that the area 
designated as lobus parolfactorius i n the atlas of Karten and Hodos 
has a d i s t i n c t l y d i f f e r e n t projection to that of the paleostriatum. 
I f then the parolfactory region i s homologous to the mammal j an 
septum, one i s immediately faced with the problem t h a t , to the 
authors knowledge, no connection has been demonstrated i n the mammal 
between the septiim and r.n. The mammalian limbic system i s however 
extremely conrplex and connections do exist between septm, 
hippocainpus, hypothalamus and subthalamus (Grossman 1967), the 
l a t t e r nucleus being reciprocally linked to the r.n. (Carpenter 
1956) . I f a similar projection system exists i n ihe b i r d i t may serve 
to explain the difference i n latency between the parolfactory area 
(15 m. sec.) and the medial fcrebrain bxindle (5 m. sec,). I n the 
mammal the l a t t e r f i b r e t r a c t l i n k s the limbic regions to the 
diencepha;lon, especially the hypothalamus (Grossman 1967). Karten 
and Dubbeldam (1973) have shown that the parolfactory region of the 
b i r d i s 1 i.nked to the r o s t r a l l a t e r a l hypothalamus through the medial 
forebrain bundle. Clearly, d i s t i n c t s i m i l a r i t i e s are present 
between the avian and mammalian species. F i n a l l y , t h i s experiment 
has i M i c a t e d a projection from l a t e r a l hypothalamus (latency 2 m. 
sec.) to the r.n. which t i e s i n with the 5 m. sec. latency of the 
medial forebrain bundle. I t i s xinfortunate that the stimulating 
electrode ifAiich traversed the avian hippocaii5)us ( i f such i t be) 
f a i l e d to evoke a p o t e n t i a l i n the r.n., a l t h o u ^ due to stereo-
t a x i c errors the track was sited at the anterior l i m i t of the hippocampus. 
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Further investigation of t h i s p o s s i b i l i t y would seem to be required. 
The a r o h i s t r i a t a l area of subimmmals i s , i n part, regarded as 
being homologous to ihe mammalian amygdaloid complex. Again no 
d i r e c t l i n k between amygdala and r.n. has been shown i n the mammal 
a l t h o u ^ the former has, l i k e the septum, connections with the 
hypothalamus (Grossman 19^7). Zeier and Karten ( l 9 7 l ) have shown 
ti i a t the medial area of the archistriatum i s linked to the medial 
hypothalamus through the tractus occipito-mesencephalicus. The 
p o t e n t i a l evoked i n -the r.n. i n the present study, by stimulation 
of the medial archistriatum, with a latency of 4 m. sec., indicates 
a l i n k from hypothalamus to r.n. 
As i n the maranal, a major input i s derived from the cerebellar 
n u c l e i . Surprisingly, the results of the present stxidy point to 
the avian nucleus l a t e r a l i s as the afferent source whereas, i n 
t^rms of p o s i t i o n a l s i m i l a r i t y to the mammalian nucleus interpositus, 
one might have escpected the nucleus intemus to be involved. 
The input from the nucle\zs rotundvis has, to the authors 
knowledge, no mammalian homologue \mless i t be assumed to be a 
sensory projection f o r which ample mammalian evidence exists (see 
Ch. 5 ) . On the other hand the nuclevis rotvindus appears to be 
specific to the avian species (Karten and Eevzin I 9 6 6 ) . 
Homologues for tiie potentials derived from stimulation of the 
neostriatum interroedixim and hyperstriatum ventrale ventro-ventrale 
are, i n l i ^ t of the lade of knowledge regarding the functional 
properties of these areas, impossible to suggest. I t may be that 
t h ^ are the avian eqiiivalents of the sensory-motor regions of the 
mammalian brain, Zeier and Karten (I9 7 1) believe that the non-
hypothalamic part of the occipito mesencephalicus i s equivalent to 
a variant of the mammalian pyramidal t r a c t . The neostriatal and 
h y p e r s t r i a t a l regions i n question, project to the a r c h i s t r i a t a l 
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areas, from which t h i s part of the occipito-mesencephalicus i s 
derived, through the tractus f r o n t o - a r c h i s t r i a t a l i s , 
I n the mammal the pyramidal t r a c t projects to the r.n. through 
c o l l a t e r a l s , and whilst Zeier and Karten foimd no degeneration i n 
the r.n, following lesions of the archistriatum, there are many-
p o s s i b i l i t i e s for i n d i r e c t action through adjacent r e t i c u l a r nuclei 
which they found do receive f i b r e s from the tractus occipito-
mes encephaliciis , 
The study reported i n "(Ms chapter did not investigate efferent 
connections and c l e a r l y t h i s i s required. Such a study may well 
indicate an avian homologue of the mammalian rubro-ventrolateral 
thalamic projection. I t has been assmed throughout that the avian 
rubro-spinal t r a c t i s motor i n function and stimulation experiments 
reported i n Ch. 5 appear to provide some evidence of t h i s . 
The behavioural ramifications of the connections outlined above 
and summarised i n Pig,i,.19 are discussed i n the concluding chapter 
following Section 2 . 
I n conclusion, further evidence that the avian and mammalian 
r.n, are homologous i n some respects has been obtained. The most 
surprising findings were the l i n k s with the archistriatum and 
parolfactory lobes which are regarded as homologous to the mammalian 
ancrgdala and septxim. 
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CHAPTER 5 
SMSQRY EVOKED POTB^TIALS AND 
SIEG-LE UNIT RECORDS 
There have been many studies i n which potentials have been 
evcked i n the mammalian r.n, by sensory stimulation (see Massion 
1967). Massion and h i s co-workers (1963, 1968) have perhaps 
carried out the most extensive investigation. I n the cat, they 
found, i n agreement with other workers, that potentials could be 
evoked i n the r.n, by somaesthetic, v i s u a l and auditory stimulation. 
Ifenni et a l , (1965) demonstrated activation of the r.n, following 
vestibular stimulation i n the guinea pig and Ermolaeva and 
Chemigovsky (1965) showed induced rubral potentials following 
stimulation of the splanchnic nerve i n the cat. 
I n a thorough micro-electrode study Massion and Albe-Pessard 
(1965) demonstrated a degree of convergence of somaesthetic, v i s u a l 
and auditory f i b r e s at the l e v e l of the single \uiit. They point 
out that the receptive f i e l d s of these raulti input units are very 
large i n contrast to the l o c a l i s e d f i e l d s of the thalamus. They 
did however f i n d that convergence was l e s s noticeable i n the c e l l s 
of the magnocellular portion than i n those of iiie small celled area. 
Furthermore they demonstrated two d i s t i n c t responses dependent iipon 
whether the recording was from the parvocellular or magnocellular 
portion. I n the large c e l l e d region the response to sensory 
stimulation consisted of a short latency f a c i l i t a t i o n followed by a 
phase of i n h i b i t i o n and a l a t e r phase of prolonged activation. The 
response of c e l l s i n the parvocellular region was i n i t i a l l y 
s i m i l a r to that of the large c e l l s but the l a t e phase of prolonged 
a c t i v a t i o n was absent. They ascertained that the inhibitory phase 
and the period of l a t e f a c i l i t a t i o n i s produced by an ind i r e c t 
pathway through the cerebell\im. The same authors fotmd ihat a sharp 
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tap was necessaiy to evoke a somaesthetic response. This finding 
i s contradicted by that of Nakahama et a l . who demonstrated 
a reaction to very l i g h t hair bending. The difference may well be 
due to anaesthetic effects.** One interesting finding, Massion 
and Hrbano (1968), was that stimulation of group 1 muscle afferents 
(annulo-spiral endings of muscle spindles and G-olgi tendon organs) 
do not appear to produce responses i n the r,n. This absence of 
feedback from receptors denoting the state of the muscle they find 
surprising given that the r.n, contributes to control of muscle 
tone. They were, i n the same study, able to demonstrate a con-
t r i b u t i o n by Grditcp 2 f i b r e s (flower spray endings of muscle spindles 
and receptors s e n s i t i v e to mechanical deformation of the skin) to 
r,n, control. I f however, one considers the contribution of Grbt5)s 
1 , 2 and 3 f i b r e s to ove r a l l muscle control through the gamma and 
alpha motor systems, then the absence of Group 1 afferents to the 
r,n, i s understandable. 
F i r s t l y , "the r e s u l t of activation of Group 2 fibres i s to lead 
to an i n h i b i t i o n of extensors and a f a c i l i t a t i o n of flLexors through-
out the limb; (p r e c i s e l y what stimulation of the r.n, produces). 
I n terns of overall muscle ef f e c t , i n conjunction with Group 1 
e f f e c t s , which r e s u l t i n f a c i l i a t a t i o n of both extensors and flexors 
i n ajmergistic muscles and in h i b i t i o n of antagonistic muscles, 
a c t i v a t i o n of Group 2 f i b r e s would lead to an opposition of any 
Group 1 effected extension and a supplementation of any Group 1 
effected f l e x i o n . I n a sense, feedback from Group 2 f i b r e s 
increases the readiness for withdrawal reflexes i , e . defensive reflexes, 
** I n a recent paper Nishioka and Nakahama (1973) have i n f a c t shown 
that t h i s i s so. Under chloralose anaesthesia a sharp tap was 
necessary, under gallamine triethrodide very l i g h t hair bending 
was s x i f f i c i e n t . 
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Secondly, the r.n, has been shown to take i t s effect partly 
through the gamma motor system (Appelberg 1967a and 19^7^) v^ich i s 
responsible for contraction of muscle spiMle f i b r e s , Trtiich i n turn 
s t i ^ t c h and activate the spindle afferent f i b r e s vftiich r e s u l t i n the 
operation of the alpha motor system. The su f f i c i e n t stimuli for 
operation of the gamma system are mediated by Group 2 and 3 fibres 
i . e . l i g h t touch, pressure and pain. Group 1 afferents do not 
appear to influence the gamma system (Thon^son 1967), Hence i t i s 
nbt' surprising tiiat Group 1 f i b r e s do not project to the r.n, for 
they are not necessary, at l e a s t for the gaiana gystem coiBponents of 
r.n, influence. 
The action of the r.n. i s attained t h r o u ^ the inter-neurones 
of r e f l e x pathways which f a c i l i t a t e the r e f l e x action. I n addition 
i t has been shown that the r.n. exerts an in h i b i t i o n of primary 
afferents a t the spi n a l cord l e v e l . (Thompson 1967). Hence the r.n. 
effects a complicated action on spinal reflexes and motor organis-
a t i o n which presumably would require inputs from mai^r sensory sources 
and r e c i p r o c a l linkages with other systems involved i n motor control. 
The object of the s tudy reported i n t h i s chapter was again 
p r i n c i p a l l y of a comparative nature and was r e s t r i c t e d to the 
recording of potentials evoked -in ihe r.n. by peripheral, v i s u a l , 
somaesthetic and acoustic stimulation and by e l e c t r i c a l stimxilation 
of olfactory and vagus nerves. A limited study of single unit 
responses was also \indertaken. 
METHOD 
Subjects 
F i f t e e n pigeons of mixed s t r a i n , three of ?iiich were used for 
unit recording experiments. 
Procedure 
The animal was anaesthetised by i n j e c t i o n of Equithesin into the 
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pectoral muscle and placed i n the stereotaxic instrument. The 
sxirgioal procedure and method of electrode positioning has been des-
cribed f u l l y i n Chapter 4 . 
Evoked potential and some single unit recordings were made to 
auditory, v i s u a l and somaesthetic stimulation. Visual stimulation 
was achieved by a Dawe model 1201E stroboscope positioned 30 cms. 
from the birds eye. The output of the stroboscope was a hO 
microsecoixL, 90 joule f l a s h . Simultaneous triggering of the 
stroboscope and a Tektronix 564 storage oscilloscope allowed a v i s u a l 
record of ary a c t i v i t y i n the r.n, ensuant upon stimxilation. 
Permanent records were obtained by photographing the oscilloscope 
d i s p l a y s . Auditory stimulation was achieved by means of a s n a i l 
hearing a i d loud speaker, of unknown make and c h a r a c t e r i s t i c s , rtiich 
produced a c l i c k stimulus by feeding i n a square pulse of 1 m, sec. 
Three methods of somaesthetic stimulation were used:-
(1 ) Mechanical tapping with a blunt 3 umi diameter rod attached 
to a pair of springleaf mounted contacts serving for 
triggering purposes, 
(2) 1 m , sec. biphasic e l e c t r i c shock of 1 - 5 v from a Grass S4 
stimulator delivered t h r o u ^ a p a i r of s t a i n l e s s s t e e l insect 
pins implanted i n the skin or muscle. 
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(3) 1 m. sec. duration biphasic shocks of 1 - 5 v delivered to the 
s u r g i c a l l y i s o l a t e d i s c h i a d i c nerve through a pair of s i l v e r 
wire electrodes movmted on a small probe made of a c r y l i c r e s i n . 
I n a l l cases the storage oscilloscope trace, or occasionally 
the Biomac 500 averaging computer, was triggered simultaneously with 
administration of Hie stimulus and a photographic record made. 
I n addition two experiments were carried out i n which the 
olfactory and vagus nerves were s u r g i c a l l y isolated, the former by 
removing the sponge-like bone of the nasal c a v i t i e s , and the l a t t e r 
by exposing the nerve i n the birds neck where i t runs between the 
Both were 
oesophagus and carotids, stimvilated e l e c t r i c a l l y using the 
method described above for stimulation of the i s c h i a d i c nerve. 
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Single unit recording was attempted using f i n e wire concentric 
electrodes, (see below). 
I n order to obtain satisfactory auditory stimulation, the 
recording electrode was cemented into position, using an a c r y l i c 
dental cement and the ear bars of the stereotaxic instument removed. 
At the coir5)letion of recording, the position of the electrode t i p 
was marked by a small radio frequency l e s i o n and the b i r d s a c r i f i c e d 
by an overdose of Nembutal, Histological procedure was as described 
i n Chapter 4 , 
Electrodes 
Recording electrodes for evoked potentials were as described i n 
Chapter k for the mapping esperiment. Electrodes used for single 
unit recording were constructed from fine gauge hypodermic tubing 
and f i n e s t a i n l e s s s t e e l wire (swg it4) forming outer and inner 
electrodes respectively of a concentric electrode. Both con5)onents 
were f i r s t coated i n insulating varnish and tested for leakage i n 
accordance with the method outlined i n Chapter 4 . Following 
i n s e r t i o n of the inner electrode through a small hole f i l e d i n the 
outer tubing so that the inner electrode protruded about 1 mm,, the 
two components were cemented together with Araldite at the point of 
entry and e r i t of the inner fine wire electrode. The t i p was then 
ground to a fine point using a miniature emery d i s c . The net 
r e s u l t was to leave about I- mm of the outer insulation free and a 
very small iininsulated t i p to the inner recording electrode. 
TIThilst such an electrode i s r e l a t i v e l y crude i n i t s construction, i t 
was found to be very h i ^ l y effective i n recording from the large 
r.n. U n i t s , See FigS-l for method of construction, 
RESULTS 
Histology 
Of f i f t e e n attesspts to locate an electrode i n the r,n,, twelve 
were successful, 
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Fig5'1. Iviethod o f c o n s t r u n t i o n o f the m i c r o - e l e c t r o d e s . 
a) s h o r t l e n g t h o f i : i s u l a t e d f i x i e gause hypodermic 
t u b i n g shov'ing c u t f i l e d i n w a l l . 
b ) l e n g t h o f i n s u l a t e d f i n e s t a i n l e s s s t t e l r / i r e 
(swg hh) i n s e r t e d and secured v / i t h A r a l r i i t e 
a t n o i n t o f e n t r y and e x i t . 
c) the t i p ground t o a f i n e poixit u s i n g a n u i i i a t u r e 
emery d i s c . 
d) l e n g t h o f coarse gauge hypodern:ic t u b i n g s o l d e -
r e d t o the e l e c t r o d e to f a c i l i t a t e securement 
i n the chuck o f the s t e r e o t a x i c i n s t r u m e n t 
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Evoked Potentials 
(1 ) Visual; See Figs5-2a and -Zh, 
Of a l l the sensory evoked potentials, the v i s u a l l y evoked 
proved to be the most r e l i a b l e and the largest i n terms of an?)litiide. 
The latency to the f i r s t i n f l e c t i o n varied l i t t l e from 23/24 m, s e c , 
with the large downward deflection, beginning at 40 m, sec, and ending 
at 50-52 m, sec, A recording obtained d i r e c t from the optic t r a c t 
during the mapping experiment shown i n Fig.5'2c gives a latency of 
3 m. sec, to the f i x s t i n f l e c t i o n . 
(2) Somaesthetic 
The r e s u l t s fixim somaesthetic stimulation are given i n 
Pig5*3« 3?he potentials tended to vary somewhat from one recording 
session to another within each method of stimulation. The most 
r e l i a b l e recordings arose from stimulation of the isolated i s c h i a d i c 
nerve - see Pig.5-3a, The latency to f i r s t i n f l e c t i o n began 8 m. 
sec, a f t e r stimulation and the large deflection at 1 6 m, sec, 
Meclmnical stimulation tended not to produce highly r e l i a b l e 
p otentials, unless administered to wing or leg, and variation i n the 
shape of the recording was common, although the latency to f i r s t 
d e f lection f e l l within 8 - 12 m. sec. i n a l l cases. Fig.5.3b provides 
an i n t e r e s t i n g record of unit a c t i v i t y superimposed on the evoked 
pot e n t i a l . Pig,5'3o, a recording following stimulation of the 
deltoid muscle of the wing s u f f i c i e n t to produce a twitch, i s f a i r l y 
representative of the potential shape produced by such e l e c t r i c 
stimulation to, or near, muscle. 
(3) Aiiditoiy; Pig.5'4 
Auditory evoked potentials proved d i f f i c u l t methodologically 
for the electrode had to be cemented into place before stimulation 
began to enable the earplugs of the stereotaxic instrument to be 
removed. Potentials that were recorded tended to be small, between 
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Pig.5'2 Evoked p o t e n t i a l s r e c o r d e d from the r . n . follov.'ing 
s t r o b o s c o p i c f l a s h s t i m u l a t i o n o f the c o n t r a l a t e r a l 
eye - a and b. Latency e s t i m a t e d a t 23-^Z4msec. 
Trace c,- evoked p o t e n t i a l r e s u l t i n g from e l e c t r i -
c a l s t i m u l a t i o n o f t h e o p t i c t r a c t , e s t i m a t e d l a t -
ency 3msec., i n c l u d e d t o show the delay o c c u r r i n g 
p r i o r t o the o p t i c t r a c t . S t i m u l u s i n each case 
o c c u r r e d a t extreme l e f t o f t r a c e . 
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'ig.5.3. Evoked p o t e n t i a l s recorder, from the r . n . 
Sor.iaesthet? c s t i t . i u l a t i o n . 
Trace a - e l e c t r i c a l s t i m u l a t i o n o f c o n t r a l a t e r a l 
i s c h i a : d i c nerve. S t i m u l u s a p p l i e d a t extreme 
l e f t o f t r a c e . E s t i t i a t e d l a t e n c y 8msec. 
Trace b - niecha.iical s t i m u l a t i o n o f c o x . t r a l a t e r a l 
wi'ng. S t i m u l u s a p . i l i e d a t extreme l e f t o f t r a c e . 
E s t i m a t e d l a t e n c i e s , f o r t h i s p o t e n t i s l inmsec., 
v a r i e d between 8-12msec. I.ote the s i n g l e u n i t 
response -md the p e r i o d o f i n h i b i t i o n . 
Trace c - e l e c t r i c a l s t i m u l a t i o n o f d e l t o i d 
cjuscle c o n t r a l a t e r a l wi.i.:^. S t i m u l u s a p p l i e d a t 
extreme l e f t o f t r a c e . . Latency e s t i m a t e d . a t . 8t:isec. 
.,ote t h e double peak v h i c h was o f shock ap l i e d t o wing or l e g 
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c h a r a c t e r i s t i c muscle. 
20juv 
10ms 
lOms 
Fig.5-/j. Evoked p o t e n t i a l s recorded from the r . n . f o l l o r -
i n g a u d i t o r y s t i n . u l a t i o n . C l i c k s t i m u l u s occurred 
a t extreme l e f t o f t r a c e i n both cases. Latenciec, 
o f t h e t r a c e s shovm e s t i m a t e d a t 8 m s e c V ' ^ r i e d 
betv/een 8-10msec. Amplitude o f a u d i t o r y evo'.ied 
responses were s m a l l f a l l i n g betwee . "^C - bCfi v. 
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20 - 40 /iv a l t h o u ^ the shape was f a i r l y consistent, Latenqy to 
the f i r s t , i n f l e c t i o n was 8 - 1 0 m , sec. No unit records were 
obtained because of the earbar problem, i , e , the electrode had to be 
cemented into place before any recording could be obtained, so that i t 
was impossible to determine whether the c e l l was responsive to auditory 
stimulation before i t was permanently fixed, 
(4) Olfactory Nerve Stijmilation; Fig , ? '5 
Results from olfactory nerve stimulation, i n termis of s i z e 
and shape of potential, were varied. Fig .5'5a gives a t y p i c a l r e s u l t 
with a latency of 36m. sec, •53^'5"5b gives the r e s u l t of stimulation 
of the homolateral nerve again with a latency of 36 m. sec. I t was 
found that each time the stimulus parameters were varied the ampli-
tude of the potential increased and then attenviated over the next 
4 - 5 stimulations. 
(5) Vagal Stimulation; Fig,5v6 
Fig .5'6 ^ v e s a t y p i c a l recording following stimulation of 
the vagus nerve. The latency to f i r s t i n f l e c t i o n was 25 m. sec, 
with the large deflection beginning at 30 m, sec. 
MICRO-ELECTRODE STUDIES 
The micro-electrode work carried out was limited to three birds 
with an attempt to record from another under free moving conditions 
with iii5)lanted electrodes - see Chapter 3 for method of implantation 
and equipment for allowing the animal r e l a t i v e l y free movement. 
Unfortunately the l a t t e r was only p a r t i a l l y successful probably due 
to electrode movement r e s u l t i n g from a method of plug mounting which 
although good enough for stimulation seemed to be inadequate i n 
obviating the very small electrode movement s u f f i c i e n t to .'lose' a 
single ti n i t . 
I n a l l fourteen units were examined, of which two were responsive 
to f l a s h only, f i v e to somaesthetic stimulation only, two to both 
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40uv 
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^ ' i g * Evoked p o t e x i t i a l r e c o r d i n g s fror,. the r . n . 
f o l l o w i n g e l e c t r i c a l s t i r.;ulation o f c o . i t r a l a t e r ? . l 
- a and h o m o l a t e r a l - b o l f a c t o r y nerves. Latencies 
e s t i m a t e d a t 36rrisec. St iL.ulus o c c u r r e d a t e""fercme 
l e f t o f t r a c e s . Size and shape o f p o t e n t i a l s 
v a r i e d - see a - the s m a l l e r o f the t^o t r a c e s 
f o l l o w e d the l a r g e r i n temporal o r d e r , note the 
r e d u c t i o n i n ari . p l i t u d e : i t i s suggested t h a t t h i s 
may i n d i c a t e h a b i t u a t i o n (see t e x t ; . 
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Pig.5'6. Evoked p o t e n t i a l r e c o r d i i i g s from the r . n . f o l l o -
wing e l e c t r i c a l s t i m u l a t i o n o f the c o n t r a l a t e r a l 
vagus nerve. S t i m u l u s o c c u r r e d a t the extreme 
l e f t o f b o t h t r a c e s . Latency e x t i m a t e d a t 
25msec. 
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l i g h t and somaesthetic and f i v e non-responsive to either v i s m l , 
somaesthetic or vestibular stinrulation, although the l a t t e r was a 
r e l a t i v e l y cmde t e s t involving t i l t i n g and rotating the stereotaxic 
platform, Pigs ,5'7 --11 give the r e s u l t s obtained, the upper trace 
showing the unit, or group of u n i t s , response to stimulation, the 
lower trace i n each case being the unstimxilated a c t i v i t y during a 
si m i l a r time period. 
The t y p i c a l response to stinnilation f a l l s into one of two 
categories:-
(a) A period of i n h i b i t i o n - see Fig ,5'7 
and (b) A period of i n h i b i t i o n followed by a burst of 
a c t i v i t y - see Pig^-B, 
Of the s o l e l y v i s u a l xmits both responded with a peidod of 
i n h i b i t i o n beginning at 24 - 25 m, sec, and l a s t i n g 2j3 - 50 m, sec. 
Of the s o l e l y somaesthetic tmits a l l responded with a period of 
i n h i b i t i o n followed by a burst of a c t i v i t y - see Flg^-Sf the inhibition 
at 20 - 25 m, sec, and the burst of a c t i v i t y at 60 - 80 m, sec, 
following stimulation. 
The two units responsive to both v i s u a l and somaesthetic 
driijlng produced a phase of i n h i b i t i o n followed by a burst of f i r i n g 
- see Fig , 5 . 9 , although the a c t i v i t y burst was not so pronounced as 
the s o l e l y somaesthetic uni t - see Pig,5'8... Of the f i v e c e l l s found 
to be non-responsive to stimulation, the recorded a c t i v i t y was 
t y p i c a l of that shown i n Fig.5'10 i n which the c e l l s gave rep e t i t i v e 
bursts of a c t i v i t y with a f i x e d i n t e r v a l between bursts which shifted 
i n time to longer or shorter i n t e r v a l s , probably i n accordance with 
depth of anaesthesia. These apparent r e p e t i t i v e bursts were not 
correlated with a concurrently monitored heart rate or with breathing. 
Pig .5 .11, the only successful record from an implanted electrode 
i n a free moving b i r d , shows the record of such a repetitive c e l l i n 
the awake animal. Pig.J-lla shows the regular f i r i n g of the c e l l 
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Pig,5.7. S i a g l e u n i t r e c o r d i n g d e r i v e d frot, the r . n . 
f o l l o w i n g v i s u a l s t i m u l a t i o n a t 1 per sec. 
'^ 5 superimposed t r a c e s . Lower t r a c e shows the 
d i s t r i b u t i o n o f u n i t a c t i v i t y d u r i n g an 
i d e n t i c a l p e r i o d w i t h o u t s t i t ; . u l a t i o n . xiote the 
p e r i o d o f i ^ i h i b i t i o n o f f i r i n g b e g i n n i i i g a t 
2l|msec. nO respoxise o b t a i n e d from somaesthetic 
s t i m u l a t i o n . 
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•'^ig.S'S S i n g l e u n i t , r e c o r d i n g s d e r i v e d fvorr. the r . n . 
a and b - e l e c t r i c a l s t i m u l a t i o n of i s c h i a d i c 
n e r v e a t 1 per s e c . 20 superimposed t r a c e s . 
Lower t r a c e s i n r a ^ h c a s e shov; the d i s t r i b u t i o n 
o f unstirm.ilated a c t i v i t y d u r i n g an i d e n t i c a l 
p e r i o d , i-jote the p e r i o d o f i n h i b i t i o n a t 'G-?5 
msec, f o l l o w e d by a b u r s t o f a c t i v i t y a t 8UiSec. 
c - e l e c t r i c a l s t i r u l a t i o n o f l e g muscle, ^ .ote 
the two p e r i o d s o f i n h i b i t i o n and a ' ^ t i v i t y . 
(^see a l s o Pig5 ' 3 c ; 
'•i-'hese u n i t s v;ere n o t res., o x . s i v e to v i s u a l o r 
V e s t i b u l a r s t i m u l a t i o n . 
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^ig'^'9» '^ingle u a i t r e c o r d s d e r i v e d from the same u n i t 
i n t h e r.xi. a - v i s u a l s t i . u l a t i o n , b - e l e c t r i -
c a l s t i m u l a t i o n o f "che i s c h i a d i c n e r v e . S t l L . u l u s 
o c c u r r e d a t the e x t r e i i e l e f t o f each t r a c e . 
20 superimposed t r a c e s . Lower t r a c e i n each c a s e 
shows the d i s t r i b u t i o n of u n s t i m u l a t e d a c t i v i t y 
d u r i n g an i d e n t i c a l p e r i o d . ..ote the perio^i of 
i i i l i i b i t i o n • begiioning a t rLfn.sec., i..ore -rolonged 
f o r the s o r n a e s t h e t i c r e s onse tha.i the v i s u a l , 
ax.d the tendency to^^'ards an i n c r e a s e d b u r s t o f 
^ f i r i n g f o l l o v / i n g the i i i h i o i t o r y p e r i o d . 
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Pig.^-IO. S i n g l e u n i t r e c o r d i n g s d e r i v e d from the r . n . 
' % p i c a l f i r i i i g p a t t e r n of the u n i t s n c - r e L -
p o n s i v e to visu-iilp s o m a t s t h e t i c o r v t s t i b u l i r 
s t i m u l a t i o n , -'ote t h e r e p e t i t i v e f i r i x i g . a -
f i v e s p i k e s ever^: i i L m s e c b - sar..e c e l l , 
5 mi.iS. l a t e r : note the r e p e t i t i v e f i r : a t 
a f a s t e r r a t e , 
c - f i v e mi-iutes f o l i o ' ' i . . g b 
i ' i r i n g not c o r r e l a t e d to h e a r t r a t e oi' b r e a t h i n g 
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5'igo5'11. S i n g l e u n i t a c t i v i t y r e -orded from the r . n . 
I n an avake iniplrinted b i r d . U n i t coul-^ not be 
- ^ r i v t n by v i s u a l , s o m a e s t h e t i c or -^rditory 
s t i m u l a t i o n . 
a - f i r i n g p a t t e r n i n d a r k n t s t ; .lote reg--lar 
f i r i n g . 
b - same u n i t viith room l i g h t s s ' i t c h e ' i on^ 
note t h a t the f i r i n g p a t t e r i i becomes more 
i r r e f x u l a r . 
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every 40 m, sec, when the b i r d was awake but stationary i n a dark 
room and 11b the same c e l l \rfien the room l i g h t s were switched on. 
Clearly the r e g u l a r i t y of f i r i n g disappears. The c e l l was never-
theless non-responsive to stroboscopic f l a s h , 
DISCUSSION 
The findings outlined above are i n essence, further evidence 
f o r an analogous function between the r.n. of mammals and b i r d s . 
Clearly the avian r.n, receives irrputs from most, i f not a l l , 
sensory modalities. The results indicate i n addition that the action 
of the i i ^ u t i s largely one of disruption of a f a i r l y regular f i r i n g 
pattern, at least at a u n i t l e v e l . 
Compared to the mammalian studies condxicted by Massion and 
Albe-Fessard ( 1963) , one d i s t i n c t difference does however emerge; 
they found that i n h i b i t o r y periods i n single unit records and evoked 
potentials although commencing at very similar time intervals follow-
ing stimulation, l a s t r a r e l y less than 100 m, sec, and usxially exceed 
200 m, sec. Reference t o Pigs,5*2 -5B shows that the longest period 
of i n h i b i t i o n , that f o r a somaesthetically driven u n i t i s less than 
50 m. sec. This difference may be intei*preted as an indication of 
a functional d i s p a r i t y between the mammalian and avian r,n. or may 
sin5)ly r e f l e c t a methodological difference. F i r s t l y , on the basis 
that the manunalian nucleus i s s t r u c t u r a l l y more clearly delineated 
and morphologically d i v i s i b l e i n t o large and small celled areas, 
unlike that of the b i r d , one may w e l l expect some functional 
differences. On the other hand i t has been shown that the r,n, i s 
h i ^ i l y susceptible to anaesthetics - (Gogolak et a l . ^ ^6^), I t was 
shown that barbiturate drugs produced".,,.a very regular, quasi-
sinusoidal rhythm with a frequency that i s related to the depth of 
anaesthesia", Massion and Albe-Fessard did i n fact show that i n the 
cat maintained awake under l o c a l anaesthetic, ".,.,somatic stimulation 
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can evoke the same un i t reactions as i n the chloralose anaesthetised 
cat; but t h i s same stimulus can also induce a prolonged u n i t a c t i v -
a t i o n not preceded by a phase of i n h i b i t i o n " . I t would seem that i n 
the absence of recordings obtained under similar anaesthetic conditions, 
l i t t l e importance can be attached to variations i n response character-
i s t i c s . By the same token, the apparent absence of the f a s t unit 
response preceding the period of i n h i b i t i o n , which they found to be 
t y p i c a l of the large c e l l s , cannot be meaningfully discussed i n terms 
of possible species difference. On the other hand the absence of 
the short latency response i n the present records may be due to the 
small sang)le of cells from which recordings were made. 
The most frequently encountered -type of u n i t was not responsive 
to sensory stimulation under the anaesthetic conditions of the experi-
ment - Fig ,5 .10, Even i n the awake, Implantei, b i r d these c e l l s , 
characterised by a r e p e t i t i v e burst of f i r i n g every 30 - 40 m. sec, 
could not be driven. However, reference to Pig.j-H shows that-the 
baseline a c t i v i t y of such a u n i t i s nevertheless determined by sensory 
conditions. Precisely what ocruld be determining the baseline f i r i n g 
p a t t e rn of these c e l l s i s d i f f i c u l t to see unless i t be i n t e r n a l l y 
generated, 
Massion and Albe-Pessard (19^3) found about 2^% of the cells 
they encountered could not be driven, but make no reference to the 
characteristics outlined above. They do however r e f e r to occasions 
when they obtained h i ^ 3 y r e p e t i t i v e responses which they state were 
synchronous with heart rate ami assume t h i s to have been due to 
penetration of g l i a l c e l l s or electrode location i n the wall of small 
blood vessels. 
On the occasion that the w r i t e r f i r s t encountered a r e p e t i t i v e l y 
f a r i n g c e l l , so l i k e a heart record was i t , that the same assuuqjtion 
was made. After several such occxirrenoes heart rate was monitored 
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concurrently with the c e l l ' s a c t i v i t y but no obvious relationship 
could be found, nor was there any correlation with breathing although 
t h i s was only established by visxial observation. 
Of the units encoxxntered, only one, - that shown i n Fig ,5 '9 , was 
responsive to more than one sensory modality. I t i s highly probable, 
i n view of the r e l a t i v e l y coarse electrodes used for unit recording, 
that the cells from which a c t i v i t y was recorded were large ce l l s only, 
whidi would, perliaps explain the lack of sensory convergence, for 
Massion and Albe-Fessard (1963) found convergence to be less mariced 
i n the magnocellvilar portion than i n the small celled area. 
That the nucleus of the b i r d , i n concordance with that of the 
mammal, i s responsive to inputs from several sensory modalities has 
been shown by the evcked potentials given i n Fig3 ,5 '2 - 5 7 . Recordings 
following vistxal stimulation were r e l i a b l e both i n terms of ihe shape 
of the recorded p o t e n t i a l and ihe latencies t o deflections of the 
waveform and f i t , almost to the millisecond, the periods of i n h i b i t i o n 
and excitation recorded from single u n i t s . 
Comparison of the results obtained i n the present series of 
experiments with those of other workers proves to be interesting. 
I n an extensive anatomical study of the avian visual system, Karten 
(1969) described two major visvial projections. One projection 
proceeds from the optic tectum via the thalamic nucletis rotundus to 
the ectostriatum of the telencephalon and the other from the optic 
t r a c t t o the dorsolateral anterior thalamic conplex and thence to 
the hyperstriatum via the l a t e r a l forebrain bundle, Parker (1971 ) 
and Parker and Delius (1972) i n an evoked potential study of the 
vi s u a l system i n the pigeon found latencies of 15 - I 6 m, sec, at the 
optic t r a c t , 17 n, sec, i n the dorsolateral anterior thalamus and 
50 m, sec, i n the nucleus rotundvis. As the latency at the r,n, 
disclosed i n the present work, was 23 - 24 m, sec., the projection 
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to the nucleus under study can not be via the nucleus rotxmdus, but 
must derive either d i r e c t from the optic t r a c t or from the dorsolateral 
anterior thalamus or perhaps from the sijrfaoe layers of the optic 
tectum. Pig,5'2c shows a po t e n t i a l evoked at the r,n. by e l e c t r i c a l 
stisnulation of the optic t r a c t , during the mapping experiment des-
cribed i n Chapter 4 , with a latency of 3 in, s e c , which, when consider-
ed i n conjuction with the latency of the p o t e n t i a l evoked at the r,n, 
of 23 - 24 m, sec, allows a transmission period p r i o r t o the optic 
t r a c t of 20 - 24 m, sec. This i s clearly at variance with the optic 
t r a c t latency of 15 - I 6 m, sec, found by Parker (1971) . The 
difference may be explained however by a greater efficacy of elec-
t r i c a l stimulation over sensory i n the pathway between optic t r a c t 
aixL r.n, 
Karten (1967) i n an anatomical study of the avian auditory system 
describes the major projection from the avian homologue of the i n f e r i o r 
c o l l i c u i u s (nucleus mesencephali.lateralis pars dorsalis) t o the nucleus 
ovoidalis, Harman and P h i l l i p s (1967) describe an auditoiy evoked 
p o t e n t i a l i n the nucleus ovoidalis with a latency of 8 - 12 m. sec. 
The latency of the pot e n t i a l evoked i n the r,n, i n the present study 
of 8 - 10 m, sec, suggests that the projection to the r.n. bypasses 
the nucleus ovoidalis. I t should be pointed out however that the 
amplitude of the recorded response, was at 20 - 40 fX7, the smallest 
of any obtained and as the nucleus ovoidalis i s situated 1 ,5 mm 
anterior and 1 ,5 mm dorsal t o the r,n, i t i s not inyossible that I 
was i n f a c t recording activi-ty from the former nucleus. However, 
Biederman-Thorson (1970) has shown that auditory evoked potentials 
i n the ovoid nucleus i t s e l f are not only small but unreliable, 
Delius and Bennetto (1972) have investigated somaesthetic 
projections i n the pigeon and found a potential evoked by cutaneous 
stimulation i n the dorsal thalamus with a latency of 9 - 10 mi sec. 
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which t i e s i n w e l l with the p o t e n t i a l found i n the r,n,, with a latency 
of 8 m. sec. 
The recordings following olfactory nerve stimulation were highly 
variable i n aniplitiide and outline; (Pig.5'5a shows two traces,)although 
the latencies to f i r s t d eflection were r e l i a b l e . An interesting 
f i n d i n g was that not only would the r,n. apparently rapidly habituate 
or fatigue to stimulation rates of more than one per second, which 
was found to be a characteristic of the nucleus irrespective of 
sensory modality, but i n the case of olfactory nerve stimulation 
habituation was also noticeable to the p a r t i c u l a r parameters, that i s 
to say, a change i n rate of stimulation from, f o r exan?)le, one per 
sec, t o one per three sees, jiould effect an increase i n the au^jlitude 
of the potential as would a voltage change. That t h i s was habitu-
a t i o n i n the accepted sense of the word was demonstrated by the f a c t 
that the same aniplitude increase followed a change to a higher rate 
of stimulation (provided i t did not exceed 8 per second) or to a 
lower voltage. Clearly t h i s habituation was occurring w i t h i n the 
olfacto r y system f o r similar effects were not found i n other 
modalities. I n so f a r as the author i s aware no previous workers 
have demonstrated an olfactory input to the r.n. 
As would be expected, somaesthetio stimulation produced varying 
waveforms and an?)litudes depending on the means of stimulation (see 
FiS .5*3). By and large, e l e c t r i c a l stimulation near muscle tended 
to produce a waveform similar to5 '3c, with a double i n h i b i t o r y 
d eflection (see also Pig .5 '8) whereas mechanical and ischiadic nerve 
stimulation produced a single deflection. 
The probable reason f o r the d i f f e r e n t shapes of the potentials 
i s dependent iipon the number and characteristics of the fibres 
stimulated by the d i f f e r e n t methods. 
That stimulation of the vagus nerve evoked a potential i n the 
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r.n, i s not surprising i n view of the' f i n d i n g by Ermolaeva and 
Chernigovsky (19^5) of evoked potentials following splanchnic nerve 
stimulation f a r both nerves are involved i n the control of involuntary 
processes. Presumably the state of in t e r n a l organs could be of 
some importance to a system involved i n motor control. 
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PART 2 
CHAPTER 6 
TtlE BEHAVIOinUL ESPERIMEI^S 
Introduction 
The r o l e of the r,n, i n motor control, i n mammals, has been 
f i r m l y established over many years i n a variety of physiological 
methods (see Part 1, Chapters 2, 3, 4 and 5 of t h i s thesis:). 
Experiments outlined by the author i n Part 1, i n which the r,n, of 
the pigeon was lesioned (Ch, 2) and, i n a separate essay, elec-
t r i c a l l y stimulated (Ch, 5) indicate a similar motor function i n the 
avian species. 
I n recent years the work of Thon^son and his collaborators (196O, 
1964, 1967, 1969 ) has however ingjlicated the r,n, i n visual 
learning i n the r a t , Whilst i t may seem surprising that a system 
playing an important r o l e i n motor control shoiild also be implicated 
i n other behavioviral processes, i t should be pointed out that i n 
recent years studies of the dassiccially defined extra-pyramidal 
motor systems have ind.i.cated that they may subserve other than only 
motor fi i n c t i o n s : - K i t s i k i s and Rougeul (1968) foiond that e l e c t r i c a l 
Stimulation of the caudate nucleus i n the Nemestrina monkey produced 
a disruption of conditioned bar-pressingj Ursin et a l . (1969) 
demonstrated that high frequency stimulation of the caudate nucleus 
i n the cat produced an orienting response which they claim to be 
indistinguishable from that produced by novel, acoustic stimulation 
and by e l e c t r i c a l stimulation of r e t i c u l a r centres known to produce 
orienting reactions. The same authors also noted that i±ie response 
evoked by caudate stimulation was subject t o habituation i n the same 
manner as to peripheral sensory events. Perhaps more specific to 
learning phenomena, Rosvold and Delgeido (1956) reported that the 
post operative performance of the moiikey, on a delayed alternation 
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task, was impaired by lesions of the caudate. Clearly, the role 
of what i s described as part of a motor system i s more coii5)lex than 
h i t h e r t o believed, G-iven these findings the r e s u l t obtained from 
lesions of the r.n, appear less surprising. 
The major findings, a l l involving the r a t , providing the 
in5)et\is to th i s section are as follows :-
( l ) B i l a t e r a l destruction of the r,n, s i g n i f i c a n t l y interfered 
with the releaming of a brightness disc3ri.nri.nation 
(Thon^json, Rich and Langer 1964) . 
( 2 ) B i l a t e r a l lesions of the r.n. s i g n i f i c a i t l y iirpaired 
retention of a pattern ( v e r t i c a l v horizontal black and 
white stripes and a white cross v a white disc) discrim-
ination (Thon5)son 1969) . 
( 3 ) B i l a t e r a l destruction of the r.n, produced impaired 
performance on a previously learned size discrimination 
problem ( 4 " d i a , white c i r c l e v 1 ^ " dia, white c i r c l e on 
black backgrounds), (McNew 1968) . 
( 4 ) Lesions of the ventral mesencephalon, including three 
animals i n which the lesions were r e s t r i c t e d to the r.n, 
b i l a t e r a l l y , produced a greater d e f i c i t on a pattern 
( v e r t i c a l v horizontal back and Trfiite stripes) discrim^ 
i n a t i o n than on a brightness (black and vrfiite) discrim-
i n a t i o n (Thompson,Lxikaszewska et a l , (1967) . 
That the results l i s t e d above can not be due to a peripheral 
motor disturbance i s i l l u s t r a t e d by the observations of each author, 
that no signs of motor inpairment were present but perhaps more 
succinctly, that i f the results were due to motor iii5)airment one 
would not expect greater d e f i c i t s on some tests than on others, 
3?he studies cited above appear to implicate the r.n, or r,n, 
area i n the performance of visual habits and that the destruction 
of the said nuclexis impairs the learned behaviour, 
Thompson (19^9) interprets his findings i n terms of a highly 
localised cortico-subcortical system subserving visual discrimination 
habits, involving the o c c i p i t a l (visual) cortex, the posterior 
thalamus and the ventral midbrain ( r , n , area). The importance he 
ascribes to the r,n, i s examplified i n a quote from his monograph 
(1969) - viz "....there i s evidence that the size of the lesion 
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w i t h i n a given c r i t i c a l area d i r e c t l y influences the magnitude of the 
retention d e f i c i t , p a r t i c u l a r l y with reference to the posterior 
thalamus and ventral midbrain. This effect was also seen i n the 
ciorrent stiody, but was re f l e c t e d mainly i n the number of visual 
habits that were impaired. For exaniple, extensive damage to the 
r,n, led to defective retention of a l l three problems, whereas s l i g h t 
r u bral damage f a i l e d to impair retention of more than one problem"... 
I n addition to the lesion studies of visual learning, Thompson 
and his co-workers have shown retention d e f i c i t s i n learning s i t u -
ations involving other sensory modalities:-
( 5 ) Rats trained to make a juiqjing response to the onset of 
a 1,000 ftycles per second tone to avoid footshock, 
manifested impaired retention a f t e r b i l a t e r a l destruction 
of the r.n, (Thoinpson, Rich and Langer 1964) . 
( 6 ) Following b i l a t e r a l r.n. lesions, a retention loss was 
obtained i n a task u t i l i s i n g •kinaesthetic* cues:- rats 
were trained to discriminate between an upward and 
downward sloping runway, following enucleation of ihe 
eyes and trimming of the vibrissae. I n t h i s study the 
animals not only displayed a learning d e f i c i t but also 
an i n a b i l i t y to relearn the task (Thompson, Lukaszewska 
et a l . 1967 ) . 
At t h i s juncture, the experimental method habitually used by 
the 'Thompson school' requires some elaboration. With very few 
exceptions (see 5 above) the apparatus and procedures used, which I 
summarize below, i s as described by Thoirrpson and Massopust (1960) . 
0?he apparatus, a two choice discrimination box, consists of a 
s t a r t box, choice chamber and goal box; s t a r t box and choice 
chaniber containing a g r i d f l o o r . To enter the goal box the r a t 
pushes aside one of two stimulus cards placed behind windows i n the 
choice box. I n i t i a l l y the r a t i s trained to enter the goal box to 
escape/avoid e l e c t r i c shock. During the ensuing discrimination 
t r a i n i n g the animal i s required:- (a) to leave the s t a r t box w i t h i n 
f i v e seconds and (b) t o respond to the stimulus card within 30 seconds. 
Failure to accomplish (a) or (b) results i n the administration of 
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footshock,as does a response to the incorrect stimulus. 
Two points are worthy of note. 
( l ) The con5)lexity of t h i s experimental method, containing 
a mixture of punishment and discriminated avoidance may 
well be a factor accounting f o r Thompson's res u l t s , 
( 2 ) I n a l l his experiments the animal must learn t o escape/ 
avoid shock i n order to reach the learning c r i t e r i o n . 
I t would seem desirable to attempt to break down the experimental 
method by u t i l i s i n g what appear to be behaviourally more single 
situations. For example, the results may be largely attribubable to 
an interference with avoidance learning rather than the 'memory* of 
the v i s u a l discriminanda; a p o s s i b i l i t y which i s easily testable i n 
the t r a d i t i o n a l nmway s i t i i a t i o n , i n which the animal learns to avoid 
shock by running from a s t a r t chamber to a goal box at the onset of 
a sound or l i g h t stimulus; f a i l u r e to reach the goal within a 
prescribed period r e s u l t i n g i n the administration' of shodc. I n th i s 
s i t u a t i o n , no sensory discriminations are required other than stimulus 
01/off , 
I t would also seem necessary to ascertain whfethbr the observed 
d e f i c i t s hold ti*ue i n a non-avoidance s i t u a t i o n , by f o r exanqple, 
using positive reinforcement. Use of the l a t t e r could test the 
p o s s i b i l i t y that negative reinforcement per se i s contributing to the 
Thompson re s u l t s , 
Thompson i s not unaware of such p o s s i b i l i t i e s : - "In a l l 
p r o b a b i l i t y divergent results would be obtained i f t h i r s t motivation 
were used or i f no punishment were given for errors .... however i t 
i s reasonable to assume that the o c c i p i t a l cortex, the posterior 
thalamus and the ventromedial midbrain (the neuronal c i r c u i t he 
believes to subserve visual memory which he has mapped out by 
observing the effects of lesions on learned discriminations) would 
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s t i l l be found to be c r i t i c a l f o r retention and that any discrepancies 
a r i s i n g from a change i n methodology would be reflected i n the extent 
to which other c o r t i c a l and/or sub-cortical structures would be 
involved" (Thompson 1969). 
Thompson, Rich and Langer (l964) have i n f a c t carried out an 
experiment i n t o the effects of r,n. lesions on a learned juiqjing 
response to avoid footshock a t the onset of a visual or auditory 
stimulus (see (5) above). They found that the lesions had effected 
a decrement i n performance. However, the small number of animals 
involved - three i n the visual task and two i n the axiditory and the size 
of the lesions - about o n e - f i f t h of the area of the transverse midbrain 
section t h r o u ^ the r,n. seem to require additional experimentation. 
Sporadic work from other laboratories are relevant at t h i s 
jtmcture, 
(7) Smith (1970) (published after completion of the work to be 
reported i n Hie following two chapters), i n a t i ^ d i t i o n a l one-way 
avoidance s i t u a t i o n , found that the rats which had suffered b i l a t e r a l 
lesions of the r.n, -
(a) were slower to escape shock, 
(b) took more t r i a l s to reach c r i t e r i o n than controls, 
and (c) were de f i c i e n t i n a b i l i t y to learn horizontal v v e r t i c a l 
s t r i p e discriminated avoidance but displayed no loss of 
a b i l i t y to learn a black v white discrimination i n the same 
si t u a t i o n . 
I t i s i n t e r e s t i n g to note that Smith's animals were lesioned 
p r i o r t o t r a i n i n g and hence indicate a loss of a b i l i t y to learn 
rather than a loss i n already learned a b i l i t i e s ; although such a 
phenomenon i s indicated by the f a c t that i n the Thompson experiments 
animals often take longer t o relearn a discrimination, following 
lesioning, than they did on o r i g i n a l learning, (See f o r example 
McNew 1968 and Thompson, Rich and Langer I964), Smith's i n t e r -
p r e t a t i o n of his results i s that the degree of d e f i c i t i s a function 
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of stimulus coniplexity a n ^or orientational cues inherent i n the 
s i t u a t i o n v i z : -
"A comparison of the simultaneous discrimination tasks with the 
successive discrimination task reveals that with simultaneous d i s -
crimination the positive stimailus indicates, by v i r t u e of i t s 
p o s i t i o n , the d i r e c t i o n of approach for the animal. I n the 
successive disc learning however (see (9 ) below) the locus of the 
discriminative stimulus gives no i r i i i c a t i o n of the direction of 
approach...." 
There are three relevant published experiments u t i l i s i n g 
p o sitive reinforcement, 
( 8 ) Ellen, Wilson and Powell (1964) found that rats with r.n. 
lesions were able to learn a bar pressing response under 
f i x e d i n t e r v a l reinforcement, producing response records 
similar to normal control animals. With the assumption 
that the dis criminative dimension of fixed i n t e r v a l 
behaviour r e f l e c t s temporal discrimination, they conclude 
that lesions of the r.n. do not produce any significant 
a l t e r a t i o n i n attention. 
Again lesions effected p r i o r to o r i g i n a l learning a i ^ not 
s t r i c t l y relevant t o an analysis of the Thompson findings. 
( 9 ) Smith ( 1970) , using a T maze si t u a t i o n and food reinforce-
ment, fourd. that rats lesioned p r i o r to t r a i n i n g showed no 
learning d i f f i c u l t i e s i n a l e f t / r i g h t position discrimination 
but considerable d i f f i c u l t y with a black/white successive 
discrimination. 
Prima facie such a r e s u l t i s i n agreement with his stimulus 
complexity/orientation analysis outlined e a r l i e r . However, as the 
p o s i t i o n task i s probably non-visual i t does not c l a r i f y the problem 
of the effect of positive reinforcement i n visual learning situations 
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and a g a i n the l e s i o n s were e f f e c t e d p r i o r t o l e a r n i n g . 
(10) Myers (1964) f o u n d , i n the ca t , a d e f i c i t i n r e t e n t i o n o f 
a t r i a n g u l a r i t y d i s c r i m i n a t i o n f o l l o w i n g l e s i o n s t o Tbhe 
midb ra in vdiich a l s o i n v o l v e d the area o f the r . n . 
However, the l e s i o n s were accomplished w i t h s u c t i o n 
a s p i r a t i o n or leucotome and as a r e s u l t were bo th l a rge 
and i r r e g u l a r . H i s conc lus ion however " I t i s 
however p o s s i b l e t h a t t o some degree the a l t e r a t i o n s i n 
v i s u a l response t h a t r e s u l t f r o m tegmental l e s ions may be 
due t o a s u r g i c a l d i s s o c i a t i o n o f the v i s u a l i n t e r p r e t i v e 
mechanisms o f ihe f o r e b r a i n f r o m bas ic motor mechanisms 
r e s i d e n t i n the b r a i n s t e m " . . . . would appear to i n d i c a t e 
t h a t he i m p l i c a t e s raid-brain systems/pathways i n the 
observed phenomena. 
A l l i n a l l i t seems t h a t the r . n . or r . n . area i s i n some way 
i n ^ j l i c a t e d i n l e a r n i n g performance. The work summarized i n t h i s 
i n t r o d u c t i o n appears t o suggest t h a t the nucleus i s i nvo lved i n the 
r e t r i e v a l o f a l r eady lea rned i n f o r m a t i o n r a t h e r than i n the l a y i n g 
down o f new l e a r n i n g , f o r l e s i o n s p r i o r t o l e a r n i n g have m i n i m i 
e f f e c t on subsequent performance r e l a t i v e t o l e s ions e f f e c t e d 
f o l l o w i n g i n i t i a l l e a r n i n g . 
I t i s o f course d i f f i c u l t t o be more p rec i se than t h i s g iven 
the l a ck o f knowledge r e g a r d i n g the encoding and r e t r i e v a l necessa r i ly 
i n v o l v e d i n l e a r n i n g performance. 
Wi thout excep t ion the l e s ions i n a l l the s tudies o u t l i n e d above 
were l a r g e , o f t e n d e s t r q y i n g up to 5 o f the area o f the t ransverse 
m i d b r a i n s e c t i o n a t t he l e v e l o f the r . n . (see f o r example Thompson, 
R i c h and Langer ^$6l^•)^ The reader i s r e f e r r e d t o Pig.6-1 which 
i l l u s t r a t e s the i n c r e d i b l e m u l t i t u d e and con5)lexi"ty o f f i b r e s i n t h i s 
r e g i o n o f the b r a i n . I t seems c l e a r t ha t extensive l e s ions t o the 
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F i g . G ' t P h o t o m i c r o g r a p h o f a t r a n v e r s e s e c t i o n t h r o u g h t h e 
m e s e n c e p h a l o n o f the p i g e o n a t the l e v e l o f the r . n . 
B i e l s c h o w s k y - A g d x j h r s i l v e r s t a i . . f o r n e r v e f i b r e s , 
n o t e t h e g r e a t c o m p l e x i t y o f f i b r e s around t h e r . n . 
a r e a . 
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area i n ques t ion would render statements about the f u n c t i o n a l s i g -
n i f i c a n c e o f r e l a t i v e l y smal l systems open t o methodologica l 
c r i t i c i s m . I n a d d i t i o n , w i t h the except ion o f Myers {^9Q^•) s tudy , 
l e s i o n s were accomplished by means o f B.C. c o a g u l a t i o n , which i s 
regarded w i t h s u s p i c i o n by some researchers because o f the p o s s i b i l i t y 
o f abnormal a c t i v i t y i n s t r u c t u r e s b o r d e r i n g ihe l e s i o n produced by 
the d e p o s i t i o n o f m e t a l l i c i o n s . I t seems t h a t t i s s u e d e s t r u c t i o n 
u s i n g v e r y h i g h f requency a l t e r n a t i n g cur ren t (R .F . method) a l lows 
b e t t e r c o n t r o l o f l e s i o n ex ten t ard. i s v i r t u a l l y f r e e f r o m e l e c -
t r o l y t i c d e p o s i t s . ( R e y n o l d s , i g ^ ^ j , 
G-iven the above c r i t i c i s m s o f the l e s i o n techniques en^loyed by 
the authors c i t e d and the questionsaasked e a r l i e r o f the exper imenta l 
method used by the 'Thonipson s c h o o l ' , my own experiments, o u t l i n e d i n 
the f o l l o w i n g chapters , were designed w i t h f o u r o b j e c t i v e s i n m i n d : -
( 1 ) To study the e f f e c t s o f r . n . l e s i o n s on es tab l i shed siii5)le 
avoidance behav iour . 
(2) To a s c e r t a i n the e f f e c t s o f p o s i t i v e re inforcement and/or 
t a sk complex i ty on any l e a r n i n g d e f i c i t produced by r . n . 
l e s i o n s , 
(3) To conduct a coii5)arative study i n the p igeon , 
(4) To attewpt t o i s o l a t e r . n . f u n c t i o n by r e s t r i c t i n g t i s s u e 
d e s t r u c t i o n t i i rough R.P . c o a g u l a t i o n . 
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CHAPTER 7 
THE AVOXDATJCE EXPERIMMT 
The experiments t o be r e p o r t e d i n t h i s and the f o l l o w i n g chapter 
were devised w i t h the o b j e c t i v e o u t l i n e d p r e v i o u s l y . 
Be fo re the d e s c r i p t i o n o f the experiment i t i s deemed necessary 
t o i n c l u d e a s e c t i o n on the establ ishment o f avoidance c o n d i t i o n i n g 
i n the p igeon , 
(1 ) A note on the d i f f i c u l t y o f e s t a b l i s h i n g avoidance 
c o n d i t i o n i n g i n the p igeon . 
The author approached the problem w i t h some t r e p i d a t i o n having 
been advised by colleagues t h a t i t was d i f f i c a i l t , i f not imposs ib le , 
t o e s t a b l i s h and ma in t a in i n the p igeon , a r e l i a b l e avoidance 
behaviour i . e . i n which the an imal must execute a response w i t h i n a 
p r e s c r i b e d p e r i o d o f t ime i n order t o avo id a noxious s t i m u l u s , A 
cursory r ev iew o f a v a i l a b l e l i t e r a t u r e a t t h a t t ime suggested t h i s 
was indeed the case ( R a c h l i n and H i n e l i n e 1967, Hoffman and F l e s h i e r 
1959). The l a t t e r authors achieved l i m i t e d success w i t h one b i r d 
o n l y a f t e r an extremely p r o t r a c t e d t r a i n i n g , R a c h l i n and H i n e l i n e 
succeeded i n e s t a b l i s h i n g escape behaviour ( i . e . behavio\ar i n which 
the an imal l ea rns t o execute a response wi i ich terminates a noxious 
s t i m u l u s ) b u t d i d n o t r e p o r t airy a t tempt t o c o n d i t i o n avoidance 
b e h a v i o i i r . They r e p o r t t h a t the s e n s i t i v i t y o f i n d i v i d u a l b i r d s t o 
e l e c t r i c shock v a r i e s and recommend a shock t r a i n o f i nc reas ing 
i n t e n s i t y . 
I t seemed probable t h a t i f r e l i a b l e condi t ioned avoidance was t o 
be ob t a ined , then the behaviour to be cond i t ioned must, i n p a r t , 
a l r eady be present as a n a t i v e response to a noxious s t i m u l u s . I t 
r e q u i r e d no grea t deduct ive power t o emerge w i t h the conclus ion t h a t 
as the n a t u r a l response o f most b i r d s to a noxious s t imulus i s one o f 
f l y i n g , then the behaviour t o be cond i t ioned must, i n p a r t , i n v o l v e 
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f l i g h t . Such an approach suggested t h a t the d i f f i c u l t i e s encountered 
by Hoffman and F l e s h i e r (1959) us ing a head l i f t as a cond i t ioned r e s -
ponse and R a c h l i n and H i n e l i n e (1967) us ing key peck ing , may have been 
methodolog ica l r a t h e r than i n h e r e n t i n the pigeon i t s e l f , 
EXPERIMENT 1^  
An at tempt to E s t a b l i s h _C(^_i t ioned Avoidance i n the Pigeon 
A^a j^a tus 
Given the preceding a n a l y s i s , the apparatus const ructed r e q u i r e d 
the p igeon to f l y upward and a l i g h t on a perch to escape/avoid shock, 
(see Pig.Trl) . The base o f the box measured 24" square and the 
h e i g h t was 30", Three o f the w a l l s were const ructed f rom c l e a r 
perspex, the back p l a t e c o n t a i n i n g s t imulus bu lb and perch mechanism 
was o f po l i shed a lumin ium. The r e t r a c t a b l e perch was s i t u a t e d 22" 
f r o m the f l o o r o f the box . The onset o f the condi t ioned s t imulus 
( C . S . ) , shock and i n s e r t i o n and wi thd rawa l o f the perch , was c o n t r o l l e d 
a u t o m a t i c a l l y by e lec t ro -mechanica l programming. Shock i n t e n s i t i e s 
used were i n 0.5 ma steps f r o m 0,5 ma t o 2,5 ma. Shock was 
d e l i v e r e d through f l e x i b l e leads r u n n i n g througl i a ho le i n the r o o f 
o f the box , A counterweighed arm, t o which the leads were a t tached, 
a l l owed the an imal i i n r e s t r i c t e d movement w i t h minimal l ead entanglement. 
The C.S. cons i s ted o f the i l l u m i n a t i o n o f a 110 v , , 10 watts bulb 
c o i n c i d e n t w i t h the i n s e r t i o n o f the p e r c h . A smal l v iewing hole 
v/as i n s e r t e d i n t o the chipboard con ta ine r whida covered the 
apparatus4 > -5. 
Subjec ts 
F i v e a d u l t pigeons (Coluaiba l i v i a ) were \ised. Each b i r d was 
implan ted w i t h s t a i n l e s s s t e e l w i r e e lec t rodes \mder the pubis bones 
i n accordance w i t h A z r i n (1959). The e lect rodes were j o i n e d t o a 
m i n i a t \ i r e p l u g secured to the animals back by a broad e l a s t i c band 
looped around the wings a l l o w i n g V i r t u a l l y imimpeded wing movanents 
w h i l s t g i v i n g a degree o f damping t o sudden j e r k s o f the l eads . 
^ See append iV h 112 
Fig.7:1 Perch Box, sketch o f the apparatus used i n the i n i t i a l 
a t tempt t o c o n d i t i o n avoidance behaviour. The pigeon was 
r e q u i r e d t o f l y up t o the re t rac tg ib le perch to avo id shock 
adminis te red through e lec t rodes implanted under the pubis 
bones. Even tua l ly abandoned i n f avour of s h u t t l e box t r a i n i n g . 
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Procedure 
Befo re the f i r s t t r i a l each b i r d was t e s t e d to a s c e r t a i n the 
minimum shock l e v e l r e q u i r e d t o produce obvious signs o f d i s c o m f o r t . 
This l e v e l was found t o vary between b i r d s f r o m 0,5 - 1 ,5 ma p r e -
sumably dependent upon d i f f e r i n g e l e c t r o d e / t i s s u e r e s i s t ances . 
A t the s t a r t o f each t r i a l the C.S, ( l i g h t + perch i n s e r t i o n ) 
was presented f o r 5 sees, f o l l o w e d by continuoxis shock ( a t the 
determined minimtmi l e v e l ) x m t i l the b i r d f l e w up t o l a n d on the 
perch which turned o f f the l i g h t and avers ive s t i m u l u s . A f t e r 20 
sees, the pe rch wi thdrew s l o w l y and the b i r d r e tu rned t o the f l o o r 
o f the box . The sequence o f events was as f o l l o w s 
(1) C.S, on and perch i n t roduced i n t o box, 
(2) 5 sees, a f t e r (1) continuous shock was adminis tered u n t i l 
(3) the b i r d a l i g h t e d on the perch thereby t e r m i n a t i n g shodc 
and l i g h t ; 
(4) 20 sees, l a t e r the perch was withdrawn and the b i r d 
r e t u n i e d t o the f l o o r , 
(5) 10 sees, l a t e r ( l ) - (4) r epea ted . 
Success fu l avoidance r e q u i r e d t h e animal t o a l i g h t on the 
perch w i t h i n 5 sees, o f C.S, p r e s e n t a t i o n , Trtiereupon (2) would be 
o m i t t e d . Twenty t r i a l s per day were g i v e n . Before each b lock o f 
twenty t r i a l s minimxim shock l e v e l s were r e - t e s t e d and increaswL 
where necessai^-. 
Resu l t s 
The experiment was terminated a f t e r 300 t r i a l s when i t became 
c l e a r t h a t none o f the b i r d s had begun to d i s p l a y avoidance 
behav iou r , 
Disc \ i s s ion 
F a i l u r e was almost c e r t a i n l y due t o the des ign o f the 'perch box*, 
Problems arose because o f the s e n s i t i v i t y o f the perch to a c c i d e n t a l 
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v i b r a t i o n and b u f f e t i n g as the b i r d began t o f l y . This occurred 
more o f t e n than n o t w i t h i n 2 sees, o f shodc a d m i n i s t r a t i o n . At no 
t ime was i t apparent t h a t the behaviour was d i r e c t e d towards the 
pe rch and hence could no t be regarded as genuine escape behaviour . 
C l e a r l y a l a r g e r box was necessary i n order t o obvia te the 
• a c c i d e n t a l ' escape. 
A t t h a t t i m e , McPhai l (I968) descr ibed a means o f s u c c e s s f u l l y 
e s t a b l i s h i i i g avoidance behaviour i n the p igeon , u t i l i z i n g a s h u t t l e 
box and r a t h e r than r e c o n s t r u c t the ' pe rch box ' T * i i c h may have 
p roved , i n the end, t o be unsuccess fu l i n e s t a b l i s h i n g the des i red 
behav iour , i t was decided t o adopt h i s procedure , somewhat m o d i f i e d , 
i n t he remainder o f t h e experiments . 
EXPERIMENT 2 
The E f f e c t s o f Red Nucleus Lesions on P r e v i o u s l y Es tab l i shed 
Avoidance Behaviour i n the Pigeon 
Subjec ts 
The subjec ts were f o u r t e e n pigeons (Columba l l v i a ) . Each b i r d 
was i i i5) lan ted w i t h e lec t rodes as descr ibed i n Etxperiment 1, 
Apparatus 
The apparatus used was a m o d i f i e d , two way s h u t t l e box p r e v i o u s l y 
used f o r r a t s (Figs,7-2 and7*3). The d i v i d i n g w a l l was cut i n t o a V 
shape t o obv ia te snagging o f the e lec t rode leads as the animal moved 
f r o m one compartment t o the o t h e r . The f l o o r s o f bo th conipartments 
were independent ly p i v o t e d and l i n k e d t o micro-switches which were 
t r i p p e d iinder tJie animals weight as i t moved across the d i v i d i n g 
w a l l , thus l o c a t i n g the bird^s p o s i t i o n i n the box . A counter -
balanced arm a l lowed f r e e movement, w h i l s t t a k i n g up s l a c k , t o 
eliBiinate possible entanglement o f the leads which entered the box 
t i i r ough a hole cu t in the r o o f . 
The C.S. cons i s ted o f i l l u m i n a t i o n o f the 110 v . 10 wa t t bu lb 
* King efc al. C'9«'0 
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\ • 
P i g s . 7 - 2 a n d 7 ' 3 . S h u t t l e Box u s e d i n t h e a v o i : l a n c e e x p e r i m e n t . 
D i v i d i n g v / a l l and s t i u . u l u s l i ^ i h t s shown i n 
Doth P i g s , i^ote t h e r o l l e r a r r a n g e d b e t w e e n 
t h e two con . pa r tmen t s t o o b v i a t e t h e b i r d 
a v o i d i n ^ ^ s h o c k b y p e r c h i n g o n t h e d i v i d e r . 
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i n the compartment i n which the an imal s tood . Shock i n t e n s i t i e s 
were as descr ibed i n Experiment 1. A cont inuous, masking, w h i t e 
no ise was u t i l i s e d t o obscure any extraneous sounds of programming 
apparatus e t c . v i i i c h may have seirved as an a u d i t o r y C.S. 
The exper imenta l box was u n l i t . A peephole f i t t e d w i t h a wide 
angle l ens was i n s e r t e d i n t o an enc los ing chipboard soundproof ing . 
The yrhole procedure was a u t o m a t i c a l l y programmed by means o f 
e l ec t ro -mechan ica l appai^t ixs . 
Procedure 
Each animal was t e s t e d b e f o r e each b l o c k o f 20 t r i a l s t o 
a s c e r t a i n minimal shock s e n s i t i v i t y . Minimal values f e l l w i t h i n 
0,5 - 1,5 ma. 
A f t e r a f i v e minute p e r i o d t o a l l o w the b i r d t o h a b i t u a t e , the 
programme was a c t i v a t e d . Each t r i a l began w i t h C.S. p re sen ta t ion 
which d i m l y i l l u m i n a t e d the compartment i n which the animal s tood . 
A f t e r f i v e seconds, unless the b i r d had crossed to the other com-
par tment , continuous shock was g i v e n u n t i l escape was accon^jlished, 
whereupon bo th shock and l i ^ t were t e r m i n a t e d . I f the animal 
crossed i n t o the o ther coii5)artment w i t h i n f i v e seconds o f C.S. 
p r e s e n t a t i o n the l i g h t was switched o f f , the shock sequence omi t ted 
and the t r i a l was scored as a success fu l avoidance. A t ime out 
p e r i o d o f t h i r t y seconds was g i v e n between each t r i a l . Each b i r d 
was g iven twenty t r i a l s per day and t r a i n e d t o a c r i t e r i o n o f 
seventeen success f i i l responses on each o f th ree consecutive days. 
Having reached c r i t e r i o n , the exper imental b i r d s were l es ioned 
b i l a t e r a l l y i n the r . n . as descr ibed i n Chapter 2. The c o n t r o l 
group '.wais; sham operated by adopt ing the exact s u r g i c a l procedure 
except f o r i n s e r t i o n o f the l e s i o n i n g e l e c t r o d e . 
A f t e r a recovery p e r i o d o f twenty-one days, the b i r d s were 
t e s t e d f o r r e t e n t i o n o f the avoidance h a b i t . The i d e n t i c a l procediore 
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u t i l i s e d i n t r a i n i n g was adopted and t e s t i n g was te rmina ted when 
c r i t e r i o n was reached . 
The exper imenta l subjec ts were s a c r i f i c e d w i t h an.overdose o f 
Nembutal on c o n p l e t i o n o f t e s t i n g , pe r fused through the c a r o t i d 
a r t e r i e s w i t h 3% s a l i ne arid 10^ f o r m a l i n . The b r a i n removed and 
f i x e d f o r two days i n 10^ f o r m a H n . F o l l o w i n g the f i x i n g p e r i o d 
each b r a i n was sec t ioned t r a n s v e r s e l y a t 40 p on a f r e e z i n g 
microtome. Every f i f t h s e c t i o n through the l e s ioned area was 
s t a i n e d w i t h c r e s y l v i o l e t . 
RESULTS 
Of the f o u r t e e n b i r d s , s i x showed no s ign o f avoidance 
behaviour by the t w e l f t h day o f t r a i n i n g (240 t r i a l s ) and were 
consequently d i sca rded . The exper imenta l and c o n t r o l groups 
t h e r e f o r e each conyr i sed f o u r an imals , 
HistolofflT 
H i s t o l o g i c a l procedures showed t h a t each o f the f o u r e x p e r i -
mental b i r d s had s u f f e r e d some d e s t r u c t i o n o f the r , n . Despite 
the a t tempt t o h o l d placement and l e s i o n s i ze constant there were 
d i f f e r e n c e s i n bo th synmietry and ex ten t i n a l l an imals . 
I n a l l p r o b a b i l i t y d i f f e r e n c e s i n e l ec t rode res i s t ance accounted 
f o r the v a r i a b i l i t y i n l e s i o n s i z e . 
De te rmina t ion o f t h e exrtent o f r . n , d e s t r u c t i o n was accon^jlished 
by a l a r g e c e l l count u s i n g the method o u t l i n e d i n Chapter 1 , The 
es t imated percentage d e s t r u c t i o n of r . n . t i s s u e f o r each b i r d i s 
shown i n Table 7 , 1 . 
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TABLE 7-1 
Estimated ^_i^e_ D e s t r u c t i o n o f r . n . Tissue 
B i r d R i ^ t L e f t 
1 75 50 
2 100 100 
3 100 50 
4 50 50 
B i r d 1 
P a r t i a l de s t ruc t i om o f b o t h r . n . : - 5*^ l e f t and 75?^  r i g h t 
iTith some involvement o f medial r e t i c u l a r siibstance b i l a t e r a l l y . 
There was no apparent damage to the t r a c t u s occipito-mesencephalicus 
or t r a c t u s q u i n t o - f r o n t a l i s , the major t r a c t s adjacent t o the r . n . 
B i r d 2 
100^ b i l a t e r a l d e s t r u c t i o n was achieved. The l e s i o n a l so 
invaded media l r e t i c u l a r substance, nucleus i n t e r s t i t i a l i s o f C a j a l , 
t r a c t u s q i i i n t o - f r o n t a l i s and p o s s i b l y p a r t o f the o c c i p i t o -
mesencephalic t r a c t . These l e s i o n s were more extensive than any 
achieved us ing the R . F . ( r a d i o f requency) technique and were 
p robab ly due t o a p rocedura l e i r ror . 
B i r d 3 
Again the l e s ions were asymmetrical - 100^ d e s t r u c t i o n o f r i g h t 
r . n . w i t h s l i g h t involvement o f the medial r e t i c u l a r f o r m a t i o n . 
The l e s i o n o f the l e f t r . n . was r a t h e r v e n t r o - l a t o r a l l y p laced w i t h 
an es t imated 50^ d e s t r u c t i o n b u t almost c e r t a i n l y i n v o l v i n g the 
t r a c t u s q u i n t o - f l * o n t a l i s , t r a c t u s a n s a - l e n t i c \ i l a r i s and perhaps the 
ec to mami l l a ry nuc leus , 
B i ^ d 4 
U n f o r t u n a t e l y the sec t ions fi)r t h i s an imal were i n a d v e r t e n t l y 
des t royed i n the s t a i n i n g procedvire, b u t observat ions made a t the 
t ime o f s e c t i o n i n g suggested t h a t the l e s ions were smal l and 
r e s t r i c t e d to the r . n , b i l a t e r a l l y . I n the absence o f the c e l l 
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count procedure a 50^ b i l a t e r a l d e s t r u c t i o n i s es t imated . The 
observa t ions made a t the t ime o f s e c t i o n i n g i n d i c a t e d l i t t l e or no 
involvement o f o ther s t r u c t u r e s . 
Despi te the asymmetry o f most o f t h e l e s i o n s , the area o f 
d e s t r u c t i o n was l e s s than t h a t u s u a l l y achieved by D.C. l e s i o n 
t echn iques . Even what has been descr ibed as extensive t i s s u e 
d e s t r u c t i o n i n B i r d 2 , i s est imated to be l ess than t h a t d i sp layed 
i n the m a j o r i t y o f animals u t i l i s e d by the experimenters discussed 
i n the i n t r o d u c t i o n to t h i s s e c t i o n . However i t must be remembered 
t h a t these workers used the r a t or the c a t , thereby render ing a com-
p a r i s o n o f l e s i o n s i ze r a t h e r d i f f i c u l t . 
Tests 
The da ta d e r i v e d f r o m the t e s t s i s t abu la t ed i n Tables7*2 and-3 
i n terms o f fo savings : -
T r a i n i n g T r i a l s - Test T r i a l s . ^ - . ) • 4. . n . • 
^ T r a i n i n g T r i a l s ^ ^ ° ° ) ^ * ° c r i t e r i o n 
and fo savings i n e r r o r s t o c r i t e r i o n r e s p e c t i v e l y , A ' t ' t e s t 
(Edwards 1965) g ives a h i g h l y s i g n i f i c a n t d i f f e r e n c e between the 
mean savings o f exper imenta l and c o n t r o l b i r d s i n bo th Tables 
(p < .005). 
Pig,7'4 i l l u s t r a t e s the d i f f e r e n c e i n e r r o r s t o reach c r i t e r i o n 
on t e s t i n g . F i g ,7*5 i s a graph o f mean e r r o r s to reach c r i t e r i o n 
b e f o r e and a f t e r l e s i o n . The smooth l e a r n i n g curve p r i o r t o 
l e s i o n and the f l a t t e r , r e l a t i v e l y d iscont inuous curve a f t e r 
l e s i o n i n g should be n o t i c e d . Al though r e l e a r n i n g obvious ly ocoi i rs , 
t h e - r a t e o f r e - a c q i i i s i t i o n i s reduced desp i t e i i i e savings manifes ted 
i n the f i r s t f o u r days, 
Table7'4 shows the mean runn ing times on the l a s t b l o ( ^ o f 
twenty t r i a l s i n t r a i n i n g and t e s t i n g . The mean of the d i f f e r e n c e s 
was s i g n i f i c a n t (p ^ .( 
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Les ion Exten t and Performance 
The l e s i o n s u f f e r e d by B i r d 2, b e i n g the most ex tens ive , 
i n v o l v i n g t o t a l d e s t r u c t i o n o f bo th r . n . , . produced a l e a r n i n g 
d e f i c i t , i n terms o f e r r o r savings o f -56jS (see Table7'3), 
Reference to the g r a p h i c a l p r e s e n t a t i o n ( F i g , 7 4 ) demonstrates no t 
o n l y the o v e r a l l lower performance i n terms o f e r ro r s b u t the 
g r ea t e s t d i s c o n t i n u i t y i n the l e a r n i n g cu rve . The l e s i o n d i d 
however a l so encompass some media l r e t i c u l a r substance. 
I n terms o f r , n . invo lvement , the nex t most severe was B i r d 3 
(100^ and 50^). This an imal manifested the grea tes t 
TABLE 7'2 
Percent Savings i n T r i a l s t o C r i t e r i o n 
T r a i n i n g T r i a l s Test T r i a l s 
t o C r i t e r i o n Exper imenta l 
B i r d 2 
B i r d 3 
B i r d 4 
B i r d 1 
140 
120 
120 
140 
t o C r i t e r i o n 
240 
240 
120 
180 
C o n t r o l 
Bird 5 
B i r d 6 
Bird 7 
B i r d 8 
160 
160 
120 
360 
20 
20 
0 
20 
mean 
% Savings 
-71 
-100 
0 
W^ 0 
mean 
-53fo 
88 
88 
100 
81 
89?S 
t = 3.926 d , f , 6 P < .005 
See appendix 2. 
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Percent Savings 
TABLE 7-3 
i n E r r o r s t o C r i t e r i o n 
Ebcperimental T r a i n i n g E r r o r s Test E r ro r s % Savings 
B i r d 1 105 106 -1 
B i r d 2 116 180 -56 
B i r d 3 107 180 -68 
B i r d 4 92 58 38 
mean 
C o n t r o l 
B i r d 5 
B i r d 6 
B i r d 7 
B i r d 8 
125 
118 
92 
260 
15 
9 
6 
14 
mean 
-22^ 
92 
92 
93 
95 
93?S 
t = 4.472 d , f , 6 P ,005 if 
TABLE 7-4 
Mean Running Times i n the Las t Twenty T r i a l s 
Exper imenta l T r a i n i n g T e s t i n g D i f f e r e n c e 
B i r d 1 3,01 sees. 3,21 sees. ,20 sees. 
B i r d 2 1,86 " 2.18 " ,32 " 
B i r d 3 2,38 " 2,63 " ,25 " 
B i r d 4 2,48 " 2.97 " ,49 " 
mean .315 " 
C o n t r o l 
B i r d 5 2,71 2,83 .12 
B i r d 6 2.50 2.71 .21 
B i r d 7 2.76 2,81 .05 
B i r d 8 2,46 2,32 -.14 
appendix 2 . mean .06 
= 2,5 d , f . 6 jr-y ^ " P < .025 122 
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P i g 7 ' l 4 . G r a p h i c a l p r e s e n t a t i o n o f t h e n u m t e r o f e r r o r s 
. t o r e a c h c r i t e r i o n d u r i n g t e s t i n g i n e a c h b l o c k 
o f 2C t r i a l s , i v ' o t i o e t h a t t h e c o n t r o l a n i i a l s 
a l l r e a c h e d c r i t e r i o n o n day f o u r , w h e r e a s e x n e r -
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Q: 
Uj 
Training 
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I I J t 5 6 7 6 S 
CONSECUTIVE BLOCKS OF 20 TRIALS 
10 II 12 13 
P i g . 7 ' 5 ' Lean e r r o r s b y e x p e r i m e n t a l g roup i n each b l o c k 
o f 20 t r i a l s i n t r a i n i n g axid t e s t i n g , x .ote the 
i ? e l a t i v e l y f l a t t e r and more d i s c o n t i n u o u s cu rve 
g e n e r a t e d i n t e s t i n g . 
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error savings d e f i c i t of -68%, 
Birds 1 and 4 suffered the same approximate percentage destruc-
t i o n , (although the loss o f t issue sections f o r B i rd 4 makes exact 
coii5)arisons impossible) i n both cases being less than Birds 2 and 
3, The mean error savings were and 38?^  respect ively. The 
i n d i v i d u a l relearning curves are rougMy coscparable up to day 7 
whereafter the curve generated by Bi rd 1 displays the discontinuous 
f u n c t i o n t y p i c a l of Birds 2 and 3. 
DISCUSSiai\f 
The resu l t s of t h i s experiment are surpr is ingly s imilar to 
those produced by Thompson, Rich and Langer (1964), bearing i n mind 
the d i f f e r e n t species involved. Clearly the r , n , or r . n , area i s 
c r i t i c a l l y involved i n the maintenance of learned avoidance 
behaviour. 
The increase i n running times of the experimental group at 
post- les ion c r i t e r i o n r e l a t i v e t o that of the control group, 
indicates a performance d e f i c i t . Whilst i t i s not 'possible that 
the iii5)airment i n running time is ind ica t ive of some peripheral 
motor disturbance, no obvious d i s a b H i l y was discerned a t the time 
of post - les ion t e s t i n g . I t may be that Smith»s (1970) conclusion, 
of an impaired a b i l i t y , i n r a t s , to i n i t i a t e a conditioned movement 
a f t e r r . n . lesions may also hold t rue i n the pigeon. On the other 
hand, the graphical presentation of mean learning ciorves of the 
experimental animal (Fig,7.5) may indicate a d i f f e r e n t learning 
process. The t r a i n i n g learning curve i s t y p i c a l of learning 
curves produced i n psychological laboratories (see e,g, Hilgard and 
Marquis 1961 pf15) whereas the post les ion curve i s f l a t t e r and more 
i r r e g u l a r , , I f one accepts that the r , n , i s par t of a spec i f ic 
system involved i n the performance of a learned habi t , i t fo l lows 
that i f ihe animal relearns ih&t habi t , fo l lowing lesions to the r , n , . 
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then some other system must take over the func t ion of the lesioned 
area. I t may be that the d i f f e r e n t nature of the learning curve 
a f t e r l e s ion ing i s ind ica t ive of the subs t i tu t ion o f a system w i t h 
d i f f e r e n t character is t ics and e f f i c i e n c y . 
I t could be argued that ihe re- learning curve i s not a func t ion 
of a system involved i n the learning of a conditioned avoidance but 
ra ther i s representative of the gradual recovery of motor systems 
involved i n the performance of such a c t i v i t y . Several points argue 
against such an hypothesis. F i r s t l y that successful avoidance 
responses, when executed, usually took about 5 sees, fo l lowing the 
onset of the C.S. and t h i s varied l i t t l e Irrespective of the stage 
of r e - t r a i n i n g i i n t i l c r i t e r i o n levels o f performance began to be 
approached when the avoidance time usually reduced s l i g h t l y . I n 
other words even ear ly i n r e t r a in ing the animal possessed the motor 
a b i l i t y to c l ea r ly avoid shock. Secondly, were the motor d e f i c i t 
hypothesis t rue one wotild ant ic ipa te that avoidance times woiild, 
early i n r e t r a i n i n g , be very close to the f i v e second point at 
wliich shock would occur, ge t t ing fas ter as the d e f i c i t inyroved. 
Again, as aforementioned, the animals avoidance responses were we l l 
w i t h i n the f i v e seconds allowed f o r execution and f a i r l y clearly-
represented a d i f f e r e n t form of response to t r i a l s i n which escape 
occiirred. Other possible reasons f o r the d e f i c i t , including 
motivat ional and shock s e n s i t i v i t y e f f e c t s , are discussed i n the 
ove ra l l conclusion to th i s work (Ch. 9 ) . 
Whils t i t i s not possible to state categorical ly that destruc-
t i o n of the r . n , alone accotmts f o r the obtained r e su l t s , due to the 
involvement of other s tructures, i t i s clear that lesions around 
t h i s area are c r i t i c a l to the (^ _^ mep^ o^ J " def^c j t"!^ ^^ ^^  Clearly a 
f u r t h e r experiment inc luding a cont ro l group w i t h lesions adjacent 
to but avoiding destruct ion of r . n . tissue i s indicated. 
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I n conclusion the Behavioxiral Experiment 2 has shown tha t : -
(1) Lesions to the r , n , or r , n , area e f f e c t a s i g n i f i c a n t 
decrement i n the performance of a previously learned 
avoidance task, 
(2) r . n , lesions praiuce an increase i n the mean time taken by 
the b i r d to avoid e l ec t r i c shock (or produce an increase 
i n the time necessary to i n i t i a t e a conditioned movement 
- Smith 1970). 
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, CHAPTER 8 
THE EFIEGTS OP R.N, LESIONS CW PREVIOUSLY 
ESTABLISHED KEY PECKIN& BEIiAVIOUR FOR 
POSITIVE REINFORGEMMT 
I t w i l l be r eca l l ed that the author has previously discussed 
the e2q)erimental procedure u t i l i s e d by Thompson and his co-woricers 
(1960, 1964, 1967, 1969) and has suggested that h is (Thoiiq)son's) 
r e su l t s may w e l l be a t t r ibu tab le to an interference with conditioned 
avoidance behaviour rather i i ian to an amnesic e f f ec t on the v isua l 
discriminanda and associated behaviotir, being the view posited by 
Thompson, 
The only d i r e c t l y relevant pxxblication, that of l^ers (1964), 
who demonstrated a d e f i c i t i n re ten t ion of a t idangvilari ty d i s -
cr iminat ion fo l l owing lesions to the r , n , area was c r i t i c i s e d on the 
groimds that the lesions were large, asymmetrical and crudely pro-
duced. Findings by Smith (1970), i n the r a t , of a de f i c i en t a b i l i t y 
to l ea rn a black/white d iscr iminat ion and of El len et a l , (^S6k) of 
no e f f e c t on bar pressing behaviour under a f i x e d interirSL r e i n -
forcement schedule do not contribute to the problem under consideration 
i , e , the e f f e c t o f r , n , lesions on previously learned behaviour i n 
a pos i t i ve reinforcement s i t u a t i o n . 
Experiments were -tiierefore designed 
(a) to t e s t the e f f ec t s of r , n . lesions on behaviour previously 
established by means of pos i t ive reinforcement, 
(b) to t es t the ro l e of stimulus con^jlexity/task d i f f i c u l t y 
on any amnesic ef fec ts fo l lowing r . n . lesions, 
and (c) to attem^it to more c lear ly delineate c r i t i c a l tissue areas 
through the production of small lesions by R,F. 
coagulation. 
The pos i t ive reinfcrcement s i tua t ion considered sviitable was the 
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t r a d i t i o n a l Skinner box i n which the b i r d i s t ra ined to peck a disc 
to obta in food . Such a s i t u a t i o n i s f r e e f rom any aversive s t im-
u l a t i o n unless one regards the omission of food (reinforcement) 
contingent upon an incorrect response as being aversive. Whilst 
i t i s not impossible that food omission i s aversive i t i s l i k e l y 
that there i s a qvia l i ta t ive rather than quanti tat ive di f ference 
between the consequences of non-reinforcement and the appl icat ion 
of e l e c t r i c shock contingent upon an incorrect response. 
APPARATUS 
The apparatus consisted of a two k ^ Skinner box 18" x 18" x 18". 
The keys were t i ^ s l u s c e n t , allowing the p ro jec t ion of discriminanda 
f rom behind, and outside o f ihe experimental chamber. The s t imu l i 
were projected by means of micro-projectors . A correct response 
resxxlted i n the imn^diate ac t iva t ion of a gra in hopper allowing 
access t o food f o r a predetermined i n t e r v a l . Three walls and the 
c e i l i n g of the experimental chamber were constructed from dear 
perspex; the back p l a t e , containing the keys and gra in hopper, was 
of alumini\im. I l lxuninat ion inside the box was by means of a i 5 
watt bulb placed over the centre of the perspex c e i l i n g . The k ^ s , 
projectors aid. food hopper were automatically operated by means of 
electro-mechanical programming. Extraneous noise from relays etc, 
was masked by continuoijs vdiite noise, 
SIBJECTS 
The subjects were twenty pigeons of mixed s t r a i n (Colvmiba l i v i a ) . 
PROCEDURE 
Twenty one days before the commencement of t r a i n i n g four bards 
were randomly selected to serve as a small group lesioned p r i o r to 
t r a i n i n g (P.L. group). Under Equithesin aneesthetisation the s k u l l 
was trephined and b i l a t e r a l lesions of the r , n , attempted by R,F, 
coagulation (see Chapter 2 f o r detai led description of the surgical 
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axTd les ioning technique), 
ffour b i rds were assigned to a non-lesioned cont ro l group (N,L, ) 
and twelve to the experimental group lesioned fo l l owing i n i t i a l 
t r a i n i n g (P,T.L. group), 
A l l animals were reduced t o 80^ ad l i b i t u m body w e i ^ t p r i o r t o 
the commencement of 'shaping' and held at that weight throughout the 
experiment. Before t r a i n i n g was begun each b i r d was given a period 
o f a few hours i n the ex3)erimental chamber to habituate. Shaping 
was accomplished i n the usual manner by means of an external key 
operated by the experimenter. I n order to obviate undesirable 
p o s i t i o n preferences care was taken to re inforce approximately iiie 
same number of responses to each key at "tiiis stage. During the 
sliaping of peckiiig responses both keys were i l luminated by a white 
l i g h t w i th a brightness midway between the values of ihe i l l u m i n -
a t i o n used i n the brightness discr iminat ion, again to avoid the 
creat ion of preferences. 
Following shaping, the b i rds were introduced to the f i r s t o f 
the three discr iminat ion problems u t i l i s e d . The tasks were, i n 
order o f conylet ion, 
1 . Brightness 
2 . Colour 
3 . Pattern 
Taisk $ consisted o f botJi k ^ s being i l luminated by white l ight^ the 
negative i . e . the non-reinforced key, being the br ighter of the two. 
The brightness levels were arranged such that tlie l e v e l of b r i g h t -
ness used during shaping was judged, by the experimenter, to be o f 
intermediate value. 
Task 2 The pos i t ive k ^ was i l luminated w i t h red and the negative 
w i t h green l i g h t . The brightness l e v e l of both colours was randomly 
varied to obviate i t s u t i l i s a t i o n as a cue. 
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Task 5 The pos i t ive stimulvis was an out l ine square of ^ " and the 
negative an out l ine t r i ang le wi th base and height measiiring 
I n each task the s t i m u l i were randomly switched across keys 
using the Gellerman random series (G-ellermann;l 953)» 
Animals were given 2 0 discrete t r a i n i n g t r i a l s per day on the 
brightness task x rn t i l a c r i t e r i o n l e v e l of 1 8 correct responses on 
three consecutive days was reached, whereupon they were given a 
f u r t h e r 4 0 over t ra ining t r i a l s to ensure r e l i a b l e condit ioning. 
Following the over t ra ining t r i a l s , the b i rds were introduced to the 
colour d iscr imina t ion problem with the same technique being u t i l i s e d , 
and f i n a l l y to the ' pa t t e rn ' d i scr imina t ion , 
A correct response, a peck on the k ^ i l luminated by the 
pos i t i ve st imulus, removed the s t i m u l i and simultaneously activated 
the gra in hopper g iv ing f i v e secoiKls access to g ra in . This was 
fo l lowed by a f i f t e e n second ' t ime-out ' i n t e r v a l before presentation 
of -the next stimulus p a i r . An incorrect response, to the negative 
key, removed the s t i m u l i and was followed by a twenty second t ime-
out i n t e r v a l . 
Paper p r in t -ou t s recorded the nature and latencies of responses. 
Immediately f o l l o w i n g the attainment of c r i t e r i o n plus f o r i y over-
t r a i n i n g t r i a l s on the pa t t e rn task, the non-lesion ( N , L , ) and post 
t r a i n i n g l e s ion (P ,T ,L , ) groups were anaesthetised and subjected to 
sttrgery. (see Chapter 2 f o r lesioning method), Group ( N . L . ) was 
subjected to an i d e n t i c a l procedure apart from the inser t ion of 
les ioning electix)des and coagulation. The fou r birds which had 
sustained lesions p r i o r to t r a i n i n g , (P.L.) group, were ret\irned to 
t h e i r home cages, \shere they remained u n t i l t e s t ing began. 
Twenty one days fo l lowing svirgery a l l animals were tested f o r 
re ten t ion of the previously learned behaviour. An iden t i ca l pro-
ced\are to that used i n t r a i n i n g was adopted, i , e , where the b i r d 
d id not immediately a t t a i n the c r i t e r i o n l e v e l i t was reiibained 
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u n t i l c r i t e r i o n was reached. I n order to r e t a i n an i d e n t i c a l 
methodolo^ f o r t y add i t iona l t r i a l s were given fo l lowing each t e s t . 
Immediately fo l lowing con^jletion of the re ten t ion t e s t ing , 
groups P,L, and P,T,L, were sac r i f i ced by an overdose of Nembutal 
and perfused through the caro t id ar ter ies wi th saline so lu t ion 
fo l lowed by i 0^ fo rma l in . Each bra in was sectioned transversely 
at 40 ;a on a f reez ing microtome. Sections through the lesioned 
area were stained wi th cresyl v i o l e t and examined f o r placement 
and extent of l e s i o n . The extent of the r . n . les ion was calculated 
as a percentage destruct ion on the basis of a c e l l count using the 
method out l ined i n Chapter One, 
RESULTS 
One o f the P ,T ,L , birds died dtcring surgery reducing the nuniber 
i n that group to 1 1 . 
Hajstology 
His to log ica l analysis revealed that a l l of the P.T.L. group 
and three of the four P.L, animals suffered some damage to the r . n , 
ranging f rom conplete b i l a t e r a l destruction to bi rds 15 and 20 to 
minimal u n i l a t e r a l destruct ion i n birds 19 and 20, TableS^ shows 
the estimated percentage destruct ion of the r , n , both l e f t and r i g h t , 
A procedural error whereby the bra in of b i r d 3 was l e f t i n 
sal ine instead of fo rmal in p r i o r to sectioning, made the preparation 
of stained sections iii5)ossible and estimation of les ion extent was 
made f rom the unstained transverse section remaining on the micro-
tome f reez ing module and a sketch made. The percentage destruct ion 
shown f o r b i r d 3 i s therefore not as r e l i a b l e as that f o r other 
b i r d s . I t was clear f rom the transverse section that lOOjS b i l a t e r a l 
r . n , destruct ion had been achieved, although other adjacent structures 
had most ce r t a in ly been involved, 
Fig.g'1 shows the maximal and minimal extent of lesions i n the 
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P,T,L, and P .L, groups. 
Examination of the b ra in of b i r d 1 of the P.L. groiip f a i l e d to 
disclose any recognisable signs of a l e s ion , due one assumes to 
ei ther a procedural error or apparatus malfunct ion. 
Test Results 
Table8-2 shows the percentage error savings f o r each of the 
three t e s t s , ["Tabk j w u i\.t ra<^d<iUj 
t e r ror savings = Training errors - Test errors x 100) 
{ Training errors ) 
S t a t i s t i c a l examination by ' t . ' tes t revealed that the only 
s i g n i f i c a n t d i f ference (P ,05) lay between the P,T,L, 
TABLE 8v1, 
PERCMTA&E DESTRUCTION OF RED NUCLEI 
Group B3jd Right L e f t Mean 
P r io r Lesion i none none -
(P .L . ) 100 5 52,5 
5 100 50 75.0 
12 50 75 62,5 
Post Training 
Lesion 
3 100? 100? 100,0 
: p . t , l , ) 7 100 55 77.5 
9 50 85 67.5 
15 100 100 100.0 
17 70 70 70.0 
18 85 60 72.5 
19 10 none 5.0 
20 100 100 100.0 
21 20 none lOoO 
23 70 50 60.0 
24 70 70 70,0 
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TABLE 8'2 * 
PERCENTAG-E ERROR SAVIN&S 
(Training errors - Test errors 
( Training errors X 100 
Group Bi rd Brightness * Coloiir Pattern 
P r io r l e s ion 1 + 7 6 ^ 93fo+ 
( P . ! . ) 4 62 100 99 
5 85 100 89 
12 86 JiJL 86 
mean -= 77.7 mean = 99.0 mean = 91.3 
Non-lesioned 6 90 100 91 
(N.L . ) 8 87 75 90 
13 96 98 92 
16 _ 8 i _ 
mean = 91.25 mean = 91.0 mean = 90,5 
Post- 3 81 80 35 
Tra in ing-
Lesion 7 80 69 70 
(P .T .L . ) 9 81 95 76 
15 82 73 -52 
17 85 100 70 
18 64 95 70 
19+ 98+ 100+ 91 + 
20 95 94 9 
21 + 98+ 100+ 97+ 
23 84 95 70 
24 87 100 
mean = 82.1 mean = 89.0 mean =46 .8 
+ Excluded from calculations (see t e x t ) 
Only the d i f ference between the means of N.L . and P.T.L. and 
P .L . and P.T.L. on the pat tern tes t were s i g n i f i c a n t . P < ,05 
-3K See appendiV 3-
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M a x 
M i n 
P T L 
P L 
b i r d 19 
) i rd 4 
P i g . S - l . E a x i m a l and m i n i m a l e x t e n t o f l e s i o n s i n P . T . L . 
and P . L . g r o u p s . 
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group and the two cont ro l groups on the pa t te rn t e s t . Only the 
res i i l t s o f those b i rds having suffered b i l a t e r a l destruction of the 
l , n , were included i n the s t a t i s t i c a l treatment, i t being clear that 
the omitted resu l t s of b i rds 19 and 21 were quite a typica l of the 
experimental group, 
Fig.8-2 displays the error savings on the pat tern and colour 
tests as a func t ion of mean percentage destruction of both r , n , , 
brighness being omitted i n the interes ts of graphical c l a r i t y , i t 
being clear that no re la t ionship existed (see the correlat ion 
coe f f i c i en t s i n Tablegji^discussed below). 
Table?-3shows the response latencies , i . e . the period between 
the occurrence of the s t i m u l i and the b i r d s ' response, presented as 
a d i f fe rence between the mean latencies of t r a in ing and tes t ing 
during the l a s t twenty correct t r i a l s for each task, where i t could 
be assumed that latencies would be close to asymptote. The P.T.L. 
group was not s i g n i f i c a n t l y d i f f e r e n t from the N . L . w i t h i n any of 
the t e s t s . 
Spearman rank-difference corre la t ion coef f ic ien ts (Table8f4) 
(McNemar 1962) were computed f o r percentage destruction and saving 
scares, percentage destruct ion and latency d i f fe rence , performance 
on each t e s t , and w i t h i n each tes t between savings and latencies. 
S ign i f i c an t coe f f i c i en t s v/ere found f o r percentage destruction and 
both colour and pa t t e rn savings of ,72 and ,83 respectively, between 
colour and pa t te rn savings of ,64 and between percentage destruction 
and response latency on the brightness task of - ,68 . 
DISCUSSION 
I t i s of course impossible to analyse the f indings 
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Percen tage 
Sav ings 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
-10 
-20 
- 3 0 
- 4 0 
-50 
- 6 0 
N> colour 
\ 
\ pattern 
O 
— I 50 60 70 80 90 100 
Mean p e r c e n t a g e d e s t r u c t i o n 
F ig8 '2 . Pe rcen tage e r r o r s a v i n g s on p a t t e r n and c o l o u r 
t e s t s as a f u n c t i o n o f mean perce. i tage d e s t r -
u c t i o n o f the r . n . iNote the two t e n t a t i v e 
f u n c t i o n s drawn f o r c o l o u r and p a t t e r i . t e s t s . 
B r i g h t n e s s r e s u l t s are n o t i n c l u d e d (see t e x t ; . 
Per formance o f c o n t r o l b i r d s are shown above 
t h e 0,1 d e s t r u c t i o n p o i n t . 
x= c o l o u r ( c o n t r o l s ) 
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o= p a t t e r n ( c o n t r o l s ) 
TABLE .S'5 
MEAI^^ RESPOI^ E LATEITCY DIFFERENCE (mean t e s t -
latency-mean t r a i n i n g latency) OF THE LAST-
20 CORRECT TRIALS OF TRAINING- AND TESTING 
Group B r i ^ t n e s s Colour Pattern 
P ,L , 1 + - ,13 sees. ,05 sees. - ,44 sees. 
4 - ,03 ,07 - ,38 
5 .03 ,05 227 
12 ,04 ,08 - ,07 
mean ,01 mean ,07 mean - ,06 
N . L , 6 - .12 ,00 - ,07 
8 ,04 .07 ,04 
13 ,02 - .08 . ,01 
16 .12 - .03 .05 
mean ,02 mean .01 mean .01 
P,T,L,3 - .04 .11 .29 
7 .06 - .06 .04 
9 .12 .07 .31 
15 .05 ,01 - ,02 
17 - .08 .07 - ,03 
18 .04 - ,04 - ,13 
19 .05+ .05+ .47+ 
20 - ,12 .06 .09 
21 - ,19+ .08+ .17+ 
23 .15 .03 - .02 
24 .00 .03 ,22 
mean ,02 mean ,03 mean ,08 
+ Excluded from calculations (see t ex t ) 
The differences between mean latency differences w i t h i n 
each task are not s i g n i f i c a n t (P >. .05) 
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TABLE SV4 
SPEARLIAN RANK DIFFERENCE 
CORRELATION COEFFICIMTS 
Bi rd £ l£ 21 Cs £L Ps PI, 
3 1 00(2 ) 81 (3.5) - .04(7 ) 80(3) .11(0 35(3) .29(2) 
15 100(2) 82(5) .05(4) 73(2) .01 (7) -52(1) - .02(6.5) 
20 100(2) 95(9) - .12(9) 94(4) .06(4) 9(2) .09(4) 
7 77.5(4) 80(2) .06(3) 69(1) - .06(9) 70(5.5) .04(5) 
18 72 .5 (5 )64(1 ) .04(5)95(6 ,3 ) - .04(8) 70(5.5) - .13(9) 
24 70(6.5) 87(8) .00(6) 100(8.5) .03(5.5) 73(8) .22(3) 
17 70(6,5) 85(7) - .08(8) 100(8.5) .07(2,5) 70(5.5) - .03(8) 
9 67.5(8) 81 (3.5) .12(2) 95(6,3) .07(2,5) 76(9) .31 ( I ) 
23 60(9) 84(6) ,15(1) 95(6.3) .03(5.5) 70(5.5) - .02(6.5) 
KEY 
D = mean r . n , destruct ion 
Bs = Brightness savings 
B1 = latency d i f fe rence on brightness task 
Cs - Colour savings 
CI = latency d i f ference on colour task 
Ps = Pattern savings 
PI = latency d i f fe rence on pat tern task 
Corre la t ion P Sig.Value 
D/Bs .07 N.S. 
D/B1 -.68 P 4 .025 
D/Cs .72 P < .01 
D/CI -.07 N.S. 
D/Ps .83 P < .W 
D/P1 .08 N.S. 
Bs/BI .54 N.S. 
Cs/C1 - .30 N.S. 
Ps/PI - .20 . N.S. 
Bs/Cs .39 N.S. 
Bs/Ps .12 N.S. 
Cs/Ps .64 P < .025 
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of these experiments in terms of specific def icits and to compare 
the findings with those of the 'Thompson school* due to the species 
differences involved. Results derived from lesions of the r . n , in 
the rat showed retention deficits i n : -
(1 ) Bri^tness discrimination - (Thompson et al.196/f, 
and 1967, McNew I968) 
(2) Pattern discrimination - (Thompson 1969, Mdiew I968) 
(3) Size discrimination (McNew 1968). 
The results of the present experiments do not disclose any 
retention deficit i n ihe pigeon, following r . n . lesions, on either 
"brightness or colour diseliminations, the latter not of course 
being possible i n the r a t , and the former probably a more d i f f i cu l t 
discrimination for the r a t , being essentially a nocturnal animal, 
than for the pigeon. However in common with rats , , a deficit has 
been shown in the retention of a 'pattern* discrimination \ ^ c h 
suggests that the avian r . n , nay have similar functions. I t is 
however clear ihat lesions of ihe r . n . in the pigeon do not 
obliterate r e c a l l of a l l learned visual discriminations. 
I t could be posited that the def ic i t on the pattern task i s due 
to the fact that -the same order of task presentation, i . e . brightness-
colour-pattem, was used throughout and that the result i s due to 
some fbrm of proactive interference or negative transfer. Were this 
so, one would anticipate similar effects i n the control birds, vdiioh 
did not occur, or i f an interaction between lesion and proactive 
interference was hypothesized, an effect on the colour task would 
be predicted, which again did not occur. The proactive interference/ 
lesion interaction hypothesis would also suggest that the P . L . group 
should be deficient in tiie original learning of the problems relative 
to normals. Inspection of the figures presented below (TableSS) do 
not substantiate l i i i s . 
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TABLE 8 '5^ 
ERRCRS TO CRITEEilON IN INITIAL LEARNIN5 
Group 
P.L.1 + 
4 
5 
12 
Brightness 
34 
45 
67 
50 111=47 
Colour 
58 
7 
42 
35 m=28 
Pattern 
234 
194 
98 
452m=258 
N.L.6 
8 
13 
16 
26 
57 
57 
53 m=48 
40 
29 
48 
30 m=37 
268 
193 
364 
297 m=280 
+ Excluded from calculations (no lesion sustained). 
Differences not significant P >• ,05 
The non-significance of the latency difference between P . T . L , 
aid N.L. grorrps (TableS-3) and the correlation coefficient of ,08 
between mean r . n , destruction and latency differences on the 
pattern test (Table8'4) suggests that the savings def ic i t on the 
pattern problem i s not attributable to a motor dist\arbance. 
The correlation coefficients of ,83 and ,72 relating lesion 
extent and performance on the pattern and colour tests respect-
ive ly , suggest, as Thompson (1969) found i n the ra t , that the 
extent of r , n . destruction directly influences the magnitude of the 
d e f i c i t . The lat ter coefficient suggests?:)-tiiat larger lesions 
may have produced a def ic i t on the colour task as does -fee ,64 
correlation between pattern and colour savings. I f this i s the 
case, i t i s d i f f i c u l t to see vAiy there i s no correlation (.07) 
between bri^tness savings and r . n . destruction, unless performance 
of learned brightness discriminations i s determined by other systems. 
The author can offer no explanation for the significant negative 
^ See append/x (, 
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correlation (-.68) between mean r . n , destruction and latency 
difference on the brightness task, for this would mean that large 
lesibns tend to be associated with reduced testing latencies. I t 
must however be realised that the correlations were a 'post hoc* 
exercise and spurious significances would not be totally unexpected. 
The essential difference between the results obtained by the 
workers, previously cited, i n the rat and the cat, and those of the 
present stxidy i s largely one of degree, Thompson and his co-
workers (1960, 1964, 1967 and 1969) and l ^ r s (1964) obtaiaed a far 
more definit ive effect on retention that that shown in this series 
of e35)eriments. Once again bearing in mind, the dangers of com-
paring across species, two points appear relevant. P ir s t ly , the 
lesions ut i l i sed by the aforementioned authors were much larger than 
those of the present study i n vixich on only three occasions was AOC^ 
bi la t era l destruction achieved, the remainder being largely r e -
stricted within the r . n . Secondly, the tests used by these authors 
would, i t seems, f a l l within the category of d i f f i cu l t visual 
discriminations, (s ize, vert ica l i ty , cross v disp,brightness and 
triangularity) whereas the colour and brightness problems used by 
the present author f a l l within what could be called *easy* dis -
criminations for the pigeon ( c . f . mean errors to criterion i n Train-
ing, 48 and 37 for brightness and coloxir respectively and 280 for 
pattern - Table?-5). 
I f then the avian r . n , i s functionally similar to that of the 
mammal and certainly the physiological studies outlined i n Part 1 of 
this thesis suggest a close similarity, i t may be that i n the rat and 
cat lesions restricted to the r , n . would effect a disruption of only 
d i f f i c u l t discriminations. 
I n terms of t he findings of the e:?)eriments reported in this 
Chapter, two hypotheses can be posited:-
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(a) Lesions of the r . n , in the Pigeon affect retention of 
d i f f i c u l t problems only, 
and (b) lesions of the r . n , in the pigeon effect a deficit only 
of learned ''pattern* discriminations. 
I n retrospect, i t i s clear -that an experiment ut i l i s ing a 
i*difficult* task, not involving *pattern* i s necessary to c lar i fy 
the issue. Hypothesis (a) agrees with Smith*s (1970) coii?)lexlty 
thesis , 
Neither hypothesis posits any physiological mechanism, both 
being entirely descriptive of the data. The electro-physiological 
results outlined i n Part 1 , togeiher with the results of other workers 
on the physiologLcal basis of behaviour, suggest a tentative hypo-
thesis which i s offered i n ihe overall concl^ision to the work 
described in this thesis (see Chapter 9 ) . 
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CEAPTBR 9 
CONCLUSIONS 
The physiologLcal experiments and observations described in 
Part 1 of this thesis have shown that i n many respects the r . n , of 
the pigeon and prestimably that of the avian species generally, 
bears a close resemblance to that of ihe mammal. 
I t was shown i n Ch, 1 that the pigeon r , n , i s r i ^ l y supplied 
with f ine blood capil laries and i s made up of not only the dist inc-
tive large cel ls but also consists of medium and small c e l l s . Both 
high vascularity and large cel ls are characteristic of the mammalian 
r . n . The former feature may be singly due to the metabolic 
requirements of the area or may possibly indicate the operation of 
hormonal processes. In this context Kishida et a l (1960) found 
that chanical stimulation of the r . n . , i n the rabbit, produced 
mastication, sal ivation, vomiting, chattering of teeth, increased 
respiration and ataxic walking, which essentially replicated the 
effects of peripheral injection, and could not be obtained elsewhere 
i n ihe C.N.S. 
The lesion and stimulation studies reported in Chs, 2 and 3 
were consistent with mammalian work with regard to transitory 
abnormalities in leg and neck muscle tone in the former and contra-
l a t e r a l rotation and ataxia i n the lat ter . 
The ''mapping* experiment reported i n Ch, 4 in vhlch the pigeon 
brain was systematically stimulated e lectr ical ly and recordings 
made from the r , n , indicated that, as i n the mammal, the major input 
i s from the cerebellar nuclei . Comparable links were also shorm 
with the hypothalamus. The surprising finding from this eoqjeriment 
was the connections with ihe assumed avian homologues of the 
mammalian septum and anygdala, which have not been shown to be 
present in mammals although, as was pointed out, indirect pathways 
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may possibly exist . 
I t was shown in Ch, 5 that both species possess inputs from the 
major sensory modalities and in addition the ce l l s of the r , n , of 
the bird and mammal respond to sensory stimulation with a character-
i s t i c period of inhibition. 
The results of the behavioural experiments reported in Part Two 
demonstrate strong s imilarit ies to those produced in mammalian work 
i n that lesions of the r . n , produce apparent disruption of pre-
viously learned behaviour. An attempt was made to analyse the 
findings of the 'Thompson school' by breaking down their experi-
mental procedure. The suggestion i s made that i f , as in the pigeon, 
an important effect of r . n , lesions i n the rat i s the disioiption of 
previously established avoidance behaviour, then to vise the procedural 
method adopted by Thompson and his co-workers, involving avoidance, 
i n the investigation of vis \ ial discrimination, renders any results 
meaningless, R.N. lesions in the pigeon were however shown to 
produce a significant def ic i t in 'pattern' discrimination established 
through positive reinforcement but not of brightness or colour. 
Other, suggestions could be made to explain the observed 
behavioural phenomena : -
(1) A reduction i n motivation. 
(2) A motor performance def i c i t . 
(3) A reduction i n sensory sensit ivity. 
Dealing with the avoidance experiment f i r s t , a motivational 
reduction would presumably mean a reduction i n fear. The lesioned 
animals were however indistinguishable from normals in tiiat the farmer 
in re-training and the latter in i n i t i a l training, when at the 'escape' 
stage of learning both manifested the same response to the l i ^ t C.S. 
of cessation of movement and oirientation of Hie body towards the 
•'goal' compartment. In addition, the observations i n 
Ch. 2 indicate a recovery of general emotional 
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behaviour to the presence of the experimenter. I t i s suggested 
that this behaviour pattern indicates fear, TiJhilst i t i s possible 
that the animals did suffer some motor iMgairmnt, i t was pointed 
out i n Ch, 7 that an examination of the avoidance responses that did 
occTor well before criterion was reached, disclose that successful 
reactions were well within the 5 second period before shock onset. 
Clearly the motor abi l i ty for avoidance was present. I t w i l l be 
recal led, that before each block of t r i a l s the animals* sensitivity 
to shock was tested and the level set to produce obvious signs of 
discomfort. In general, each animaly both experimental and control, 
required increases in shock intensity during the period of the 
experiment, probably due to increased shocik/electrode/tissue 
resistance. I t i s suggested that the setting of shock values 
before each block of t r i a l s would counteract any reduction in pain 
sensi t iv i ty produced by r . n . lesions. 
Referring to the positive reinforcement experiments, i t seems 
lonlikely that motivation reduction could be responsible for the 
de f i c i t , for the animals disclosed a savings loss on only one of the 
three tests in D*i i ch , one assumes, motivation was a constant, ^ t h 
much the same reasoning a motor performance def ic i t i s ruled out 
for an identical motor pattern was required in each of the three 
tests . 
Whilst i t i s not impossible that the lesions of the r , n , may 
effect visual abi l i ty throu^ damage to the adjacent third nerve 
and consequent def ic i t in eye movement control, the results of the 
birds lesioned prior to i n i t i a l training suggest that this could 
not be a determining factor of the def ic i t on pattern discrimination 
(see Table ^^rS^-X^). The only hypothesis, i n terms of a visvial 
loss , ^riiich could explain the large savings loss of the experimental 
group i n testing, would be i f the lesion effects on vision wer^ sxich 
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that the animal was forced to u t i l i s e different cues to solve the 
square v triangle tes t . In other words, lesions prior to training 
may produce l i t t l e effect on abi l i ty to learn the discrimination, 
although the animal may u t i l i s e different cues, whereas lesions 
following i n i t i a l training would necessitate the bird releaming 
the discrimination due to ihe loss of previovisly available visual 
information. This possibi l i ty could be examined by attempting to 
r e s t r i c t lesions to the third nerve. The mammalian third nerve 
i s responsible for eye movements, accommodation, and sphincter con-
traction (Davson 1962) and the observed effects, l i s t ed in Ch, 2 , 
of r . n , lesions which damaged this nerve included pupil dilation 
and paucity of eye movements suggesting that much the same function 
i s served by the avian third nerve. I f the third nerve of both 
species subserve similar functions, i t i s possible that ihe lesions 
of the mammalian r . n . , \daich also would involve third nerve damage 
- indeed McNew (1967b) cites abnormal pupil dilation as one of the 
results of r . n , lesions, - may be an explanation of the results 
obtained by Thompson and his co-workers. However, McWew (l967b) 
considered the poss ibi l i ty of a perceptual def ic i t arising from 
r , n . lesions and found that al thou^ rats with r . n , lesions were 
deficient relative to normal controls, i n a size threshold discrim-
ination, i n viiich a 4" c irc le had to be discriminated from lf", 2" , 
2-^" and 3" diameter c i rc l e s , they were not significantly different 
from animals which had suffered midbrain lesions slightly dorsal to 
the r . n . Whilst i t i s clear from his photographic material that 
i n a l l cases damage was probably sustained to either the third nerve 
or i t s nucleus, i n a test of retention of size and 'pattern' d i s -
criminations the r . n . lesioned animals showed a significantly 
greater loss than the rats with lesions dorsal to the r , n . In other 
woriis, although involvement of the oculomotor nerve may be 
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responsible for some loss in visual abi l i ty sudi damage i s 
insuff icient to account for the whole of the retention loss . 
Bearing i n mind that we are here concerned with the avian as opposed 
to mammalian species, sufficient evidence for a h i ^ degree of 
physiological s imilarity has been presented to warrant the assung)-
tion that similar results would obtain i n the pigeon, although 
experimental support i s obviously necessary. 
The integration of physiological with behavioural data i s 
often d i f f i cu l t especially in the avian species for whidi brain 
mechanisms and particularly forebrain mechanisms are largely 
unexplored. However, the links demonstrated between the medial 
archistriatum and r . n , reported in Ch, 4 ar^ the behavioural f ind-
ing (Ch, 7) of a significant def ic i t in the retention of a two-way 
avoidance task receives some support from the work of Phil l ips 
(1964, 1968), Phi l l ips showed that lesions of the medial archi-
s tr ia t \M produced greatly reduced escape or avoidance responses in 
the Mallard (I 964) and in tiie Peach-Paced Lovebird (1968) and also 
that stimulation of the same area, in the former study, produced 
escape behaviour, although the latter finding was not confirmed by 
either Putkonen (1966) or Maley (1969) both of whom found that 
e lec tr ica l stimulation e l ic i ted patterns of attack. However, as 
Putkonen (1967) points out, the difference may well l i e i n the 
interpretation of the reactions or in different environmental 
conditions during stimulation. The latter author, in the same 
report, describes fear- l ike responses from some septal (parolfactory) 
areas. I t w i l l be recalled that in Ch3., 4 I present electro-
physiological evidence of a pathway linking this region to the r . n . 
In general, I have shown r , n , l inks , i n the pigeon, with what 
Putkonen (19^7) describes as the axis for emotional reactions, of 
archistriatum - tractus occipito mesencephalicus - area septalis. 
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I t i s however clear that the role of the r , n , in this system i s not 
simply that of controlling the motor manifestation of fear/escape/ 
avoidance emotions, for , as stated earl ier , the lesioned animals 
were not apparently deficient in overt emotional responses at the 
time of behavioural testing although they did suffer a transient 
hyporeactivity during the f i r s t fourteen days following surgery. 
This point w i l l be discussed later i n this chapter. 
The olfactory bulb connections with the r . n . reported in Ch. 4 
may simply indicate a sensory input i n addition to those reported 
from v i sua l , auditory and somaesthetic sources. However, the 
olfactory bulb i s included, at least in the mammal., in the limbic 
system which includes septal, hippocampal and amygdaloid regions, 
and may well also be the case,in the avian species. Lesions of the 
olfactory bulb and olfactory nerve section i n the pigeon have been 
carried out by Wenzel and Salzman (1968a) and Wenzel et a l (1968b) 
who foxmd that such lesions produced retardation in the birds' 
ab i l i ty to learn a simple key pecking behaviour for food and iiiat 
the def ic i t appeared to l i e in the animals' poor orientation towards 
the food hopper and l i ^ t . They also found that the heart rate 
response to the l i ^ t did not habituate unlike that of ihe control 
birds. A recent publication by Thomas (l973) reports that olfactory 
bulb ablation i n the rat produced a disruption of one way and a 
fac i l i ta t ion of two way active avoidance. This finding w i l l be 
discussed later in this chapter. 
The major problem of interpretation of the results of the 
behavioural tests remains t liat of linking the r . n . in a functional 
system, disruption of which would produce the observed phenomena, 
bearing in mind that the major ca\Jdal efferent tract, the rubro-
spinal, i s involved in motor control, 
Vanderwolf (1^71) postulates that voluntary and involuntary 
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beliaviour are distinguishable by the structtires involved in their 
in i t ia t ion and performance i n that the former depends on the activ-
ation of an ascending pathway from the diencephalon to the hippo-
campus and neocortex which i s not necessary for the performance of 
autoniatic behaviovirs. He believes the pattern of motor activity 
to be determined by forebrain structures including the coupling of 
the relevant drive state, the overt behaviour resulting v^en this 
stored programme i s activated by a trigger mechanism largely located 
in the diencephalon. He iniplicates the medial thalamus in the 
triggering mechanism on the basis of a number of eiqjerimental 
observations v i z : - Following lesions of the medial thalamus, rats 
were iniable to avoid shock in an avoidance situation although escape 
behaviour was relat ively intact . The effect was apparent whether 
the lesions were made before or after training, of i f they were 
tested i n a one or two way avoidance situation. Furthermore the . 
effect did not disappear with time, the animals s t i l l being unable 
to avoid as long as a year after surgery. In a very careful 
analysis of the phenomenon Vanderwolf concludes that the 
defect appears to l i e on the in i t iat ion of movement, i n dysfunction 
of a mechanism linking perceptual, mnemonic, and motivational 
systems to the voluntary motor system. There may be two distinct 
phases in higher leve l motor control. F i r s t , a programming 
mechanism must select from a large number of possible movements 
those which are appropriate i n a given situation. The central 
representations of these movements must be maintained i n a sub-
threshold state of excitation for some time i n such a way that they 
can be activated in a particular order. Then, at an appropriate 
moment, a trigger mechanism f i r e s off whatever motor act ivi t ies 
have been programmed " 
I n many ways the behaviour of the medial thalamic lesioned 
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rats i s similar to r , n , lesioned rats described by Thompson and 
his collaborators (see e.g, McNew,1967b) and also bears a part ia l 
resemblance to that of the lesioned birds described in Chs, 2 and 7 . 
A l l animals were i n i t i a l l y incapable of feeding or drinking without 
assistance, were hypoactive, suffered frcm defects i n muscular tone 
but recovered such that within 12 -^21 days they were indistinguish-
able from normal animals. A l l animals were deficient in tests of, 
or involving, avoidance of e lectric shock. The major difference 
between the effects of medial thalamic lesions and r . n , lesions i s 
that the animals are capable of relearning the task in the latter 
case but not i n the former. Medial thalamic lesions do not affect 
single appetitive tests such as bar pressing for food or water and 
this i s also true of r , n . lesions (ELlen et a l . I964) . Unfortunately, 
the present author can find no report of a test of medial thalamic 
lesions on 'complex' discrimination t a ^ s T^ich, as has been shown, 
are affected by lesions of the r . n . i n the pigeon (see Ch, 8) and 
i n the cat (Myers, 1964), 
In short, the effect of lesions to both areas i s to produce, 
by and large, very similar behavioural symptoms except for the 
inabi l i ty of medial thalamic lesioned animals to relearn an avoid-
ance task. I t i s possible, i f Vanderwolf's theory i s correct, that 
the r . n . i s an integral part of the system involved i n the carrying 
out of learned motor acts and althou^ no direct l inks have been 
shown to exist between i t and the medial thalamis, indirect path-
ways may well exist perhaps by way of the rubral projection to the 
ventro-lateral thalamus (the efferent and afferent projections of 
much of the medial area of the thalamus are largely unknown 
(G-rossman,1967), The findings of Smith, (1970) in the r a t , and 
Herself, i n the pigeon, that r . n . lesions effect an increase in the 
time necessary to in i t ia te a conditioned response suggests that i t 
(the r , n . ) could form part of Vanderwolf's triggering mechanism, 
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The alternative hypothesis, offered by Thompson (1969) i s that 
the r . n , or r . n , area i s involved i n a highly localised 
cortico-subcortical system mediating visual discrimination; habits 
i n the rodent", along with the posterior thalamus and 3x:cipital 
cortex, Althou^ the present author has shown, albeit in a 
different species, that Thompson's results may be largely a t t r i -
butable to the fact that his methodology includes an avoidance task, 
which as i s shown i n Ch, 6 i s greatly disrupted by r . n , lesions, i t 
may well be that the occipital cortex and posterior thalamus would 
prove to be involved i n the performance of such behaviour, perhaps 
speci f ica l ly vAere the task i s coupled with a visual discrimination. 
I t w i l l be recalled that i t was shown i n Ch, 4 that the avian 
r , n , i s linked to the assumed homologues of the mammalian septum 
and amygdala. Both of these structures form part of the limbic 
system believed to be involved in ihe regulation of emotional 
behaviour (G-rossman,1967). Lesions of the septal area in the 
mammal effects a variety of behavioural phenomena such as inipair-
ment of learned passive avoidance i n which the animal must omit a 
response in order to avoid shock (McClearyj196l), either a f a c i l i t -
ation of or impairment of two way active avoidance, according to 
whether the lesions are produced before or after i n i t i a l training 
respectively (see &rossman,1967 for a review), but an ingjairment of 
one way avoidance behavioiir whether the lesions are produced before 
or after i n i t i a l training (Kenyon^l 962, Rich and Thompson ^ 1965). 
Zucker (1965) cast some doubt on the latter result by suggest-
ing that the impairment when lesions were produced before training 
i s due to the animals * aversion to being handled in the one way 
situation and went on to show that where handling does not occur, 
septal lesions effect a fac i l i ta t ion of one way avoidance. I n 
positive reinforcement situations septal lesions increased the 
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number of perseverative errors i n a discriminated operant task 
(Schwartzbaum et al,1964) and also produced a def ic i t in a simple 
position habit by similar perseveration (McCleary^1965). The latter 
author suggests that the perseveration may be due to the loss of a 
mechanism responsible for the inhibition of non-reinforced or punished 
responses. This would explain the various in^airments resulting 
from septal lesions but can not explain a fac i l i tat ion of i n i t i a l 
training i n active avoidance unless due to a hyperactivity arising 
from i r r i t i b i l i t y of tissue stirroxmding the lesioned area. 
In addition to the Phi l l ip ' s (1964) report of reduced avoidance 
following lesions of the supposed avian homologue of the amygdala, 
Horvath (1963) found that lesions of the anygdala i n the r a t , 
irapaired the retention and acquisition of active avoidance, both 
one and two way, whilst Schwartzbaum et a l , (1964) demonstrated no 
effect on either acquisition or retention of an auditory discrim-
ination. By and large the major effect of amygidslectomy appears 
to be that of the Kluver-Bucy syndrome in which animals become 
tame, displaying l i t t l e sign of fear or anger. 
I t would seem in general that septal, amygdaloid and r . n , 
lesions i n the mammal effect similar iii5)airments i n retention of 
active avoidance and septal and r . n . lesions tend to produce 
impaired retention of habits acquired under positive reinforcement 
conditions (perhaps restricted to d i f f i cu l t discriminations). I 
have shown much the same effects i n the pigeon following r . n . lesions 
and Phi l l ips (1964) has demonstrated iii5)airment of avoidance 
reactions ensuant upon lesions of the archistriatvim, the assumed 
avian homologue of the an^/gdala. I t i s by no means wild specu-
lat ion to predict that lesions of' the parolfactory lobe (assumed 
eqiiivalent of the mammalian septum) of the bird would also have an 
effect on avoidance behaviour. The suggestion is made that septum, 
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amygdala, r . n . and probably other limbic structures including the 
olfactory bulb (lesion of \iilch has recently been shown to produce 
similar effects on avoidance conditioning - Thomas,1973), are com-
ponents of a mechanism involved in learned motor behaviour. 
The physiolo^cal val idity for linking these areas has been 
given, at least for the pigeon, in Ch.4 based on an extensive 
mapping of connections of the r . n . 
Problems arise with the integration of some of the other pro-
jections outlined. The efferent l ink with the avian nucleus 
rotundus may be sinply a further visual input, i f the rotundus, as 
Karten (1969) believes, i s exclusively v isual . However as pointed 
out i n Ch, 4 , BaJcer-Cohen (1968) has cr i t ic i sed Karten*s thesis 
on methodological grounds and the suspicion must remain that the 
nucleus rotundus may well have functions other than as a visual way 
station. Bearing this in mind, the visual discrimination def ic i t 
following lesions of the rotundus (Hodos and Karten^1966) may well 
represent a learning/memory def ic i t rather than a perceptual loss . 
This point i s reinforced by the fact that the degree of retention 
def ic i t appears to be related to d i f f icul ty of discrimination, a 
fact reminiscent of r , n . lesions. I t i s not in^ossible that the 
nucleus rotundus i s functionally comparable to areas of the mammalian 
thalamus. As has been described earl ier , lesions of the mammalian 
medial thalamus (Vanderwolf,1971 ) and posterior thalamic lesions 
(Thoirtpsonj1969) (although as these structures are adjacent i t i s 
doubtfvil whether i n either study^damage to both £ireas was avoided) 
produce impaired retention of avoidance behaviour and i n the 
Thompson experiment, impaired retention of visual discrimination 
with the severity of the de f i c i t being related to the di f f icul ty of 
the discrimination. I t would be interesting to determine the 
effects of lesions of the nucleus rotundus on previously established 
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avoidance behavioijr. 
By way of conclusion, i n the avian species, the r . n . appears to 
be involved i n the performance of learned avoidance behaviour and 
d i f f i c u l t v isual discriminations established under positive re in-
forcement. I t i s suggested that basal forebrain structures i n -
cluding septtam and anygdala may be involved. The precise mode of 
action of the r , n , in the performance of certain learned behaviours 
i s not known, although i t has been tentatively hypothesised that i t 
may form part of a triggering system of voluntary behaviour ( i t 
seeming only logical that the motor effects of the nucleus must 
play some part in the learning phenomena) along the lines suggested 
by Vanderwolf (1971), I t i s not iii5)ossible that the inputs from 
the major sensory modalities (see Ch. 5) coupled with feedback from 
muscle may be involved i n the selection of behaviovtr perhaps by 
providing postural/spatial information necessary for the mnemonic 
coding of appropriate motor acts. 
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A very recent publication by Routtenberg airi Holzman (Jiily 
1 9 7 5 ) i n -vidiich e l e c t r i c a l stimulation of the, substantia nigra i n 
the r a t , vriiile they were learning a passive avoidance task, pro-
duced impaired retention, whereas stimulation of adjacent structures 
including, so they claim, the red nucleus, was without e f f e c t . Were 
t h i s so, then some doubt would be cast upon the conclusions that I 
offered above. However, examination of their figures showing 
stimulation s i t e s , clearly shows that only once was an electrode 
site d i n the r.n, and even t h i s was located at the anterior dorsal • 
junction with the midbrain r e t i c u l a r formation. I woizld suggest 
that t h i s i s i n s u f f i c i e n t evidence f o r their suggestion of no 
effect on retention following r.n. stimulation. The fact that they 
obtain a disruption of retention following stimulation of the sub-
st a n t i a nigra may i n f a c t provide confirmatory evidence for the 
suggested role of the r.n, i n the performance of learned behaviour, 
f o r the substantia nigra i s closely linked to the r.n. (Carpenter 
arfl Stevens, 1 9 5 7 ) see Fig. 2 Ch. 4 . 
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APPENDIX 1 
Table 8.5 has been expanded to include -the errors 
to c r i t e r i o n , i n i n i t i a l learning, of the P.T.L. 
group, thus increasing the number of non«lesioned 
animals against which to compare group P.L. 
Group Brightness Colour Pattern 
P.L. 
4 45 7 194 
5 67 42 98 
12 30 35 482 
mean 47 mean 28 mean 258 
N.L. 
6 26 40 268 
8 67 29 193 
13 57 48 364 
16 53 30 297 
3 75 24 238 
7 59 13 189 
9 47 20 180 
15 49 15 150 
17 66 52 175 
18 38 18 175 
19 
20 
21 
23 
24 mean 
47 20 158 
44 38 365 
54 33 376 
45 41 222 
85 32 132 
53 mean 30 mean 232 
Differences between group P.L. and non-lesioned 
animals remain not s i g n i f i c a n t on a 't» te s t 
P>.05 (tw o - t a i l e d ) . 
2o Additional ' t ' tests on the acquisition data given 
above disclose no s i g n i f i c a n t difference between 
the means of the P.T.L. group and those of P.L. 
or N.L. (P>.05) 
169 
APPEM)IX ,2 
The s t a t i s t i c a l significances given i n Tables 7,2, 7.3 
and 7,4 are based on a one-tailed »t» t e s t . The reasons f o r 
so doing are i n accordance with McNemar(1962) who states 
(p,62) .,. • Since the s i t u a t i o n involving prediction i s 
equivalent to taking the hypothesis that the difference 
between two population values i s i n a specified d i r e c t i o n , 
i t i s not only defensible to use a one-tailed t e s t but act« 
u a l l y better i n a sense tha t i f the^,e i s a r e a l difference 
i n the predicted d i r e c t i o n i t w i l l be more apt to be det« 
ected by a one-tailed than a two-tailed t e s t . * 
Concerning the data i n Tables 7,2 and 7.3, i t was pred-
icted( based on the re s u l t s of the Thompson 'school'), 
th a t lesions of the r.n. would produce a d e f i c i t i n r e t -
ention of avoidance behaviour and thus a one-tailed t e s t 
was considered to be appropriate,( The results would how-
ever s t i l l be s i g n i f i c a n t at a P<.05 l e v e l on a two-tailed 
't» t e s t ) 
Furthermore, i t i s suggested that the one-tailed t e s t 
applied to the data i n Table 7,4 i s j u s t i f i e d ; f i r s t l y on 
the grounds( although not s p e c i f i c a l l y mentioned) that i t 
was obviously predicted that lesions of a nucleus, known to 
be involved i n motor control would produce a motor d e f i c i t 
which would be r e f l e c t e d i n longer running times,( I t would 
not be l o g i c a l to predict an improved motor a b i l i t y which 
would be necessary f o r the other t a i l of the d i s t r i b u t i o n . ) 
Secondly, a motor d e f i c i t hypothesis, requiring refutation, 
was set up as a possible explanation of the r e s u l t s . I n 
fact,the use of the one-tailed t e s t was favourable to the 
acceptance of the motor d e f i c i t hypothesis and thus contrary 
to the general explanation of the learning d e f i c i t advocated 
by the author, 
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APPENDIX 3 
The appropriateness of ' t ' appears to be debatable. 
I t seems that a Kruskal-Wallis one-way analysis of 
variance(McNemar,1962) i s suitable i n t h i s situate 
ion* The results obtained from the l a t t e r analysis 
are as follows:-
Brightness X^- 1,6 d.f. 2 Not s i g n i f i c a n t 
Colour « " 3,44 M Not s i g n i f i c a n t 
Pattern /»« 11,18 i P< ,01 
The resu l t s of t h i s analysis i n no way a l t e r the 
development of the argument i n the t e x t apart from 
the improvement i n significance l e v e l of the d e f i -
c i t on the pattern task, 
• My appreciation i s offered to Drs G,R.J. Hockey 
and D.C. Howell f o r t h e i r advice on t h i s matter. 
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APPENDIX 4 
Technical Data 
1, Schenvar 31 lacquer i s obtainable from:-
Schenectady Varnish Co. 
Four Ashes, 
Wolverhampton, 
2, Electrode i n s u l a t i o n - following each coat of lacquer, 
the electrode was 'baked' i n a thermostatically con-
t r o l l e d oven at 130*0 f o r f i v e hours, 
3, El^c^r^c.sjjosk was delivered by a Grason Stadler shock 
generator, model E1064GS, 
4, (radio_frequency) parameters used i n the lesion 
experiments described i n Chs, 2,7 and 8:-
approx 20-30ma, lOOkHz, duration- 15secs, fo r 
lesions described i n Ch,2 and lOsecs, f o r those 
i n Chs, 7and 8, 
5, Stimulation arrangement consisted of a Grass S4 
stimulator with stimulation i s o l a t i o n u n i t SI4 feeding 
through a lOOK-fi r e s i s t o r (giving approximate current 
constancy) and a IK A r e s i s t o r i n series with the 
electrodes implanted i n the subjects(impedance approx, 
6K a ) . The current was monitored by displaying the 
voltage drop across the IKfl. r e s i s t o r through the d i f f -
e r e n t i a l input of a 502 Tektronix oscilloscope. 
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